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SCREENING METHOD 

Field of the Invention 

The present invention relates to a polypeptide having useful 
5 effects in stimulating feeding (eating) , increasing body weight, 
and fattening; a therapeutic agent containing said polypeptide; 
a method of screening for a compound, a substance, or a salt thereof 
which activates or suppresses a receptor of said polypeptide; 
a kit for said screening; and an agent which comprises a substance 
10 which inhibits expression of said polypeptide, such as a 
feeding-suppressing agent, a therapeutic agent for the treatment 
of obesity, and a therapeutic agent for the treatment of diabetes . 
Background Art 

Feeding (eating) is a behavior essential for animals to 
15 survive. Obesity is considered to be a result of failure to control 
or balance feeding and energy consumption in our current society 
in the age of satiation. Since the obesity is a risk factor for 
lifestyle diseases and various other diseases, social interest 
in it has been increasing. Although basic therapies to improve 
20 the balance between feeding and energy consumption, such as diet 
therapy and exercise therapy, have become available, the number 
of patients and candidates for obesity is currently increasing. 
Recently, pharmaceutical agents for suppressing nutritional 
absorption in peripheral tissues and pharmaceutical agents for 
25 decreasing the amount of feeding by acting on the central nervous 
system have been developed; however, development of effective 
and safe pharmaceutical agents for suppressing the amount of 
feeding as agents to treat obesity is desired. 

It has been gradually revealed that feeding behavior is 
30 controlled by a cycle with a direction from the cerebral central 
nerve and a feedback from the peripheral tissue, whereby a further 
direction is sent from the central nervous system. Thus, research 
focusing on the feeding-controlling mechanism in the brain, which 
plays a major role, has been flourishing. By research using an 
35 animal in which a specific region of the brain is destroyed and 
functional analyses using neuropeptides or neurotransmitters , 
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it has been gradually revealed that a hypothalamus region plays 
an important role in the feeding behavior. Further, a number of 
neurotransmitters, neuropeptides and receptors for them are 
expressed in the hypothalamus and thus their correlation with 
5 feeding behavior has been shown. For example, there have been 
reported that neuropeptide Y, agouti gene-related peptide and 
the like which are present in the arcuate nucleus of the hypothalamus 
are involved in feeding-stimulation and that melanocortin which 
is present in the same region and corticotropin-releasing hormone 

10 and thyrotropin- releasing hormone which are released from the 
paraventricular nucleus of the hypothalamus are involved in 
feeding-suppression (non-patent reference 1) . However, as to the 
complicated nervous network to control feeding, much remains 
unrevealed and new findings regarding novel neurotransmitters 

15 and their locations are still appearing. 

Physiologically active substances which are involved in 
controlling feeding behavior, such as neurotransmitters and 
neuropeptides, exhibit their function via specific receptors 
present in the cell membrane. Of these receptors, receptors which 

20 have a structure to penetrate the cell membrane 7 times and are 
coupled with the G protein trimer in the cells are particularly 
classified as G-protein-coupled receptors (GPCRs) . Upon binding 
with specific ligands, the GPCRs transmit signals into the cells 
to activate or suppress the cells and thus play an important role 

25 in expressing functions in various organs. Therefore, agonists 
which activate GPCRs and antagonists which suppress GPCRs have 
been used as medicines. Of receptors classified into GPCRs, many 
for which no specific ligand has been identified are known and 
called orphan GPCRs . The orphan GPCRs have a potential to become 

30 a target for novel therapeutic agents, and thus identification 
of their ligands and research on substances to activate or suppress 
their function have been in progress. It is extremely important 
in developing new medicines to elucidate f unctions of the receptors 
and their ligands by administering the identified ligands or 

35 substances to the body. 

In recent years, enrichment of the genetic sequence 
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information makes it possible to predict and identify an unknown 
peptide or protein as a novel GPCR ligand by deducing its homology 
and regularity based on sequences of known proteins or peptides . 
Relaxin, a member of the insulin/relaxin family, is a secretory 
5 hormone produced by the corpus luteum or the placenta and has 
long been known to have functions involved in the maintenance 
of pregnancy and the delivery. As another function, for example, 
stimulation of water intake by relaxin-2 intravenously 
administered in rats has been reported (non -patent reference No. 

10 2) ; however, correlation between relaxin and feeding behavior 
has not been known. A protein encoded by a DNA sequence which 
is newly identified by a gene sequence database based on the base 
sequence of DNA encoding relaxin is a polypeptide called 
relaxin-3/INSL7 (patent reference No. 1). Relaxin-3 thus found 

15 has been reported to activate cells with an increase in 
intracellular cyclicAMP (cAMP) of THP-1 cells of the immune system 
(patent reference No . 2, non-patent reference No. 3) . It has later 
been suggested that relaxin-3, along with relaxin 2, is one of 
ligands which bind LGR7, a GPCR (non -patent reference No. 4) . 

20 LGR7 is expressed in the brain and peripheral tissues and has 
been so far suggested to be involved in development of reproductive 
organs, pregnancy/ and delivery; however, its correlation with 
feeding has not clearly been understood. 

Recently it has been reported that a ligand for GPCRs for 

25 which no ligand in the body has been identified, i.e., a receptor 
called SALPR (GPCR135) and a receptor called GPR100 (hGPCRll, 
GPCR142) , is relaxin-3 (non-patent references Nos . 5 and 6; patent 
reference No. 3) . Further, patent references Nos. 4 to 7 also 
include descriptions related to these receptors. SALPR is known 

30 to locate in the brain (non-patent referenceNo. 7) andinparticular 
reported to locate in the paraventricular nucleus and the 
supraoptic nucleus of the hypothalamus (patent reference No. 3; 
non-patent reference No. 6) . On the other hand, GPR100 has been 
reported to be a receptor which is systemically expressed 

35 (non-patent references Nos . 8 and 9) ; however, its function remains 
unknown . 
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On the other hand, relaxin-3 has been reported to be present 
in the area called the pons in the brain (non-patent reference 
No. 6) and it has been thought that relaxin-3 may exhibit some 
functions in the central nervous system as an intracerebral 
5 peptide; however, there has been no report on whether relaxin-3 
controls feeding or whether relaxin-3 is involved in body weight 
control. Further, whether relaxin-3 is related to obesity has 
also not been known. 

Patent reference No. 1: WO 01/068862 
10 Patent reference No . 2 : Japanese Patent Laid-open No . 2002-345468 

Patent reference No. 3: WO 2004/082598 

Patent reference No. 4: WO 00/24891 

Patent reference No. 5: WO 01/48189 

Patent reference No. 6: WO 02/31111 
15 Patent reference No. 7: WO 02/61087 

Non-patent reference No. 1: Spiegelmanetal . , Cell, 104, p. 541-543, 

2001 

Non-patent reference No. 2: Sinnayah et al . , Endocrinology, 140, 
p. 5082-5086, 1999 
20 Non-patent reference No. 3: Bathgate et al . , J. Biol . Chem. , 277, 
p. 1148-1157, 2002 

Non-patent reference No. 4: Sudo et al . , J. Biol. Chem., 278, 
p. 7855-7862, 2003 

Non-patent reference No. 5: Takeda et al., FEBS Letter, 520 , 
25 p. 97-101, 2002 

Non-patent reference No. 6: Liu et al . , J. Biol. Chem., 278, 
p. 50754-50764, 2003 

Non-patent reference No. 7 : Matsumoto et al . , Gene, 248, p. 183-189, 
2000 

30 Non-patent reference No. 8: Liu et al., J. Biol. Chem., 278, 
p. 50765-50770, 2003 

Non-patent reference No. 9: Boels et al. , Br. J. Pharmacol. , 140, 
p. 932-938, 2003 
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The present invention relates to a polypeptide having useful 
effects in stimulating feeding (aperitive) , increasing body weight, 
and fattening; a therapeutic agent containing said polypeptide; 
a method of screening for a corrpound, a substance, or a salt thereof 
5 which activates or suppresses a receptor of said polypeptide; 
a kit for said screening; and an agent which comprises a substance 
which inhibits expression of said polypeptide, such as a 
feeding-suppressing agent, a therapeutic agent for the treatment 
of obesity, and a therapeutic agent for the treatment of diabetes . 

10 Means to Solve the Problems 

As a result of intensive research to solve the 
above-mentioned problems , the present inventors have found that 
relaxin-3 has a feeding-stimulating (aperitive) activity, by 
intracerebroventricularly administering relaxin-3 to rats and 

15 observing the amount of feedingafter administration . Theinventors 
also found that the blood leptin concentration known as an index 
for a body fat increase was increased, by measuring blood samples 
from rats after single administration of relaxin-3 to the rats. 
Further, when relaxin-3 was continuously administrated into the 

20 cerebroventricle in rats, significant increases in feeding and 
body weight gain were observed in the relaxin-3 administration 
group as corrpared to the control vehicle administration group. 
No difference in locomotor activity was observed between the 
continuous relaxing-3 administration group and the control group . 

25 These results showed for the first time that relaxin-3 has a body 
weight increasing activity as well as a feeding- stimulating 
activity. Further, in the rats whose body weight was increased 
by the administration of relaxin-3, increases in fat weight and 
the blood leptin concentration, which correlates with body fat 

30 content, were observed. The insulin concentration, which relates 
to diabetes, was also increased. Thus, relaxin-3 is considered 
to be a polypeptide which has a feeding-stimulating activity, 
a body weight increasing activity and a fattening activity. The 
present invention has been completed based on these findings. 

35 Namely, the present invention relates to 

(1) a feeding-stimulating agent, comprising a polypeptide 
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comprising the amino acid sequence represented by SEQ ID NO: 2, 
a functionally equivalent modified polypeptide thereof, or a 
polypeptide consisting of an amino acid sequence having 70% or 
more homology to the amino acid sequence of a polypeptide comprising 
5 the amino acid sequence represented by SEQ ID NO: 2, or a salt 
thereof ; 

(2) a agent for increasing body weight , comprising a polypeptide 
comprising the amino acid sequence represented by SEQ ID NO: 2, 
a functionally equivalent modified polypeptide thereof, or a 

10 polypeptide consisting of an amino acid sequence having 70% or 
more homology to the amino acid sequence of a polypeptide comprising 
the amino acid sequence represented by SEQ ID NO: 2, or a salt 
thereof; 

(3) an agent for increasing fat weight, comprising a polypeptide 
15 comprising the amino acid sequence represented by SEQ ID NO: 2, 

a functionally equivalent modified polypeptide thereof, or a 
polypeptide consisting of an amino acid sequence having 70% or 
more homology to the amino acid sequence of apolypeptide comprising 
the amino acid sequence represented by SEQ ID NO: 2, or a salt 
20 thereof; 

(4) a method of screening for a compound which stimulates feeding 
or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
containing a relaxin-3 receptor, or a membrane fraction of said 

25 cell, and 

(B) measuring a cell-stimulating activity via the relaxin-3 
receptor ; 

(5) a method of screening for a compound which stimulates or 
suppresses feeding or a salt thereof, comprising the step of 

30 (A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 

35 by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 



or a membrane fraction of said cell; 

(6) the method of screening for a compound which stimulates or 
suppresses feeding or a salt thereof according to (5) above, wherein 
it comprises the step of 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(7) the screening method according to (4) , (5) , or (6) above, 
wherein the relaxin-3 receptor is SALPRor its partial polypeptide ; 

(8) the screening method according to (7) above, wherein SALPR 
is a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(9) a kit for screening for a compound which stimulates feeding 
or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
which contains a relaxin-3 receptor, or a membrane fraction of 
said cell, and 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(10) a kit for screening for a compound which stimulates or 
suppresses feeding or a salt thereof, comprising the step of 

(A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 
or a membrane fraction of said cell; 

(11) the kit for screening for a compound which stimulates or 
suppresses feeding or a salt thereof according to (10) above, 
wherein it comprises the step of 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(12) the screening kit according to (9) , (10) , or (11) above, 
wherein the relaxin-3 receptor is SALPRor its partial polypeptide; 

(13) the screening kit according to (12) above, wherein SALPR 
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is a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(14) a therapeutic agent for the treatment of a disease which 
requires weight gain, comprising a polypeptide comprising the 
5 amino acid sequence represented by SEQ ID NO: 2, a functionally 
equivalent modified polypeptide thereof, or a polypeptide 
consisting of an amino acid sequence having 70% or more homology 
to the amino acid sequence of a polypeptide comprising the amino 
acid sequence represented by SEQ ID NO: 2, or a salt thereof; 
10 (15) the agent according to (14) above, wherein said disease is 
anorexia or cachexia; 

(16) a method of screening for a compound which increases body 
weight or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
15 containing a relaxin-3 receptor, or a membrane fraction of said 

cell , and 

(B) measuring a cell-stimulating activity via the relaxin-3 
receptor ; 

(17) a method of screening for a compound which increases or 
20 decreases body weight or a salt thereof, comprising the step of 

(A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 

25 of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 
or a membrane fraction of said cell; 

(18) the method of screening for a compound which increases or 
30 decreases body weight or a salt thereof according to (17) above, 

wherein it comprises the step of 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(19) the screening method according to (16) , (17) , or (18) above, 
3 5 wherein the relaxin-3 receptor i s SALPR or i ts partial polypeptide ; 

(20) the screening method according to (19) above, wherein SALPR 
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is a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(21) a kit for screening for a compound which increases body weight 
or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
containing a relaxin-3 receptor, or a membrane fraction of said 
cell , and 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(22) a kit for screening for a compound which increases or decreases 
body weight or a salt thereof, comprising the step of 

(A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 
or a membrane fraction of said cell; 

(23) the kit for screening for a compound which increases or 
decreases body weight or a salt thereof according to (22) above, 
wherein it comprises the step of 

(B) measuring a cell-stimulating activity via the relaxin-3 
receptor ; 

(24) the screening kit according to (21) , (22) , or (23) above, 
wherein the relaxin-3 receptor is SALPRor its partial polypeptide ; 

(25) the screening kit according to (24) above, wherein SALPR 
is a p>olyp>eptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(26) a method of screening for a compound involved in the control 
of obesity or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
containing a relaxin-3 receptor, or a membrane fraction of said 
cell , and 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 
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(27) a method of screening for a compound involved in the control 
of obesity or a salt thereof, comprising the step of 

(A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 
or a membrane fraction of said cell; 

(28) the method of screening for a compound involved in the control 
of obesity or a salt thereof according to (27) above, wherein 
it comprises the step of 

(B) measuring a cell-stimulating activity via the relaxin-3 
receptor ; 

(29) the screening method according to (26) , (27) , or (28) above, 
wherein the relaxin-3 receptor is SALPRor its partial polypeptide ; 

(30) the screening method according to (29) above, wherein SALPR 
is a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(31) a kit for screening for a compound involved in the control 
of obesity or a salt thereof, comprising the steps of 

(A) contacting a test substance with a relaxin-3 receptor, a cell 
containing a relaxin-3 receptor, or a membrane fraction of said 
cell , and 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(32) a kit for screening for a compound involved in the control 
of obesity or a salt thereof, comprising the step of 

(A) contacting a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 2, a functionally equivalent modified 
polypeptide thereof, or a polypeptide consisting of an amino acid 
sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2, or a salt thereof, and a test substance with 
a relaxin-3 receptor, a cell which contains a relaxin-3 receptor, 
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or a membrane fraction of said cell; 

(33) the kit for screening for a compound involved in the control 
of obesity or a salt thereof according to (32) above, wherein 
it comprises the step of 

(B) measuring a cell -stimulating activity via the relaxin-3 
receptor ; 

(34) the screening method according to (31) , (32) , or (33) above, 
wherein the relaxin-3 receptor is SALPR or its partial polypeptide ; 

(35) the screening kit according to (34) above, wherein SALPR 
is a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 4; 

(36) an agent for suppressing feeding , comprising a compound having 
an SALFR-inhibiting activity; 

(37) the agent according to (36) above, wherein the compound having 
an SALPR- inhibiting activity is a compound obtained by the 
screening method of (7) or (8) above* 

(38) an agent for reducing body weight, comprising a compound 
having an SALPR-inhibiting activity; 

(39) the agent according to (38) above, wherein the compound having 
an SALPR-inhibiting activity is a compound obtained by the 
screening method of (19) or (20) above; 

(40) anagent for reducing fat weight, comprising a compound having 
an SALPR-inhibiting activity; 

(41) the agent according to (40) above, wherein the compound having 
an SALPR-inhibiting activity is a compound obtained by the 
screening method of (29) or (30) above; 

(42) a therapeutic agent for the treatment of obesity, comprising 
a compound having an SALPR-inhibiting activity; 

(43) the agent according to (42) above, wherein the compound having 
an SALPR-inhibiting activity is a compound obtained by the 
screening method of any one of (19) , (20) , (29) , and (30) above; 

(44) a therapeutic agent for the treatmentof diabetes , comprising 
a compound having an SALPR-inhibiting activity; 

(45) the agent according to (44) above, wherein the compound having 
an SALPR-inhibiting activity is a compound obtained by the 
screening method of any one of (19) , (20) , (29) , and (30) above; 
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(46) the agent according to any one of (36) to (45) above, wherein 
SALPR is a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4; 

(47) a method of screening for a compound to stimulate or suppress 
5 feeding or a salt thereof, comprising the steps of administering 

a compound which acts on a relaxin-3 receptor to a human or a 
non-human organism and then measuring the amount of feeding after 
administration ; 

(48) the method according to (47) above, wherein the compound 
10 which acts on a relaxin-3 receptor is a compound obtained by the 

method of any one of (4) to (8) above; 

(49) a method of screening for a compound which increases or 
decreases body weight or a salt thereof, comprising the steps 
of administering a compound which acts on a relaxin-3 receptor 

15 to a human or a non-human organism and then measuring body weight 
after administration; 

(50) the method according to (49) above, wherein the compound 
which acts on a relaxin-3 receptor is a compound obtained by the 
method of any one of (16) to (20) above; 

20 (51) a method of screening for a compound involved in the control 
of obesity or a salt thereof, comprising the steps of administering 
a compound which acts on a relaxin-3 receptor to a human or a 
non-human organism and then measuring indices of obesity after 
administration; and 

25 (52) the method according to (51) above, wherein the compound 
which acts on a relaxin-3 receptor is a compound obtained by the 
method of any one of (26) to (30) above. 



BRIEF DISCRIPTION OF THE DRAWINGS 
30 Fig. 1 illustrates the construction of pBabeCL (SALPR) IH . 

Fig. 2A illustrates the construction of 
CRE4VTP/pBluescriptIISK(+) . 

Fig. 2B illustrates the construction of pBabeCLX. 
Fig. 2C illustrates the construction of pBabeCLcre4 vPdNN . 
35 Fig. 3 shows specific dose-dependent suppression by 

relaxin-3 of transcription activity which is increased by the 



addition of forskolin in SE302 cells in which SALPR is expressed. 
Black squares show the case where relaxin-3 was added . White squares 
show the case where insulin was added . The numbers on the horizontal 
axis show the final concentration (nmol/L) of each ligand added. 
The numbers on the vertical axis show the relative activity 
calculated by setting alkaline phosphatase activity of cellular 
supernatant with the addition of forskolin at 1 |amol/L to be 100 
and with no forskolin to be 0. Each point shows the average (N=3) 
and standard deviation. 

Fig. 4 shows the evaluation (screening) for relaxin-3 
antagonistic compounds using SALPR-SE302 cells. Fig. 4A is the 
case where SALPR- SE302 cells were used and Fig. 4B is the case 
where SE302 cells were used. In the figures, FK(-) shows the 
forskolin non-treatment group ; FK(+) , the 3 pM forskolin treatment 
group; FK(+)&RLX-3, the forskolin and 3 nM relaxin-3 treatment 
group; and FK(+) &RLX- 3 & compound 1, the group treated with a 
combination of forskolin, relaxin-3, and compound 1. 

Fig. 5 shows the effect of a single intracerebroventricular 
administration of relaxin-3 to normal rats on the amount of feeding . 
The white rectangular bar shows the vehicle administration group 
(control) and the black rectangular bar shows the relaxin-3 
administration group. The vertical axis shows the mean and standard 
error of the amount of feeding (g) per animal in each group. 

Fig. 6 shows the effect of a single intracerebroventricular 
administration of relaxin-3 to normal rats on the blood leptin 
concentration. The white rectangular bar shows the vehicle 
administration group (control) and the black rectangular bar shows 
the relaxin-3 administration group. The vertical axis shows the 
mean and standard deviation of the blood leptin concentration 
(ng/ml) in each group. 

Fig. 7 shows the effect of a chronic intracerebroventricular 
administration of relaxin-3 to normal rats on the body weight 
gain. The white squares show the vehicle administration group 
(control) and the black squares show the relaxin-3 administration 
group. The vertical axis shows the mean and standard deviation 
of the body weight gain (g) per animal in each group. 



14 



Fig . 8 shows the effect of a chronic intracerebroventricular 
administration of relaxin-3 to normal rats on the amount of feeding . 
The white squares show the vehicle administration group (control) 
and the black squares show the relaxin-3 administration group, 
5 The vertical axis shows the mean and standard deviation of the 
amount of feeding (g) per animal in each group. 

Fig. 9 shows the effect of a chronic intracerebroventricular 
administration of relaxin-3 to normal rats on the epididymal fat 
weight. The white rectangular bar shows the vehicle administration 

10 group (control) and the black rectangular bar shows the relaxin-3 
administration group . The vertical axis shows the mean and standard 
deviation of the fat weight (g) per animal in each group. 

Fig. 10 shows the change in the blood hormone level by a 
chronic intracerebroventricular administration of relaxin-3 to 

15 normal rats. Fig. 10A shows the effect on the blood leptin 
concentration. The white rectangular bar shows the vehicle 
administration group (control) and the black rectangular bar shows 
the relaxin-3 administration group. The vertical axis shows the 
mean and standard deviation of the blood leptin concentration 

20 (ng/ml) per animal in each group. Fig. 10B shows the effect on 
the blood insulin concentration. The white rectangular bar shows 
the vehicle administration group (control) and the black 
rectangular bar shows the relaxin-3 administration group. The 
vertical axis shows the mean and standard deviation of the blood 

25 insulin concentration (ng/ml) per animal in each group. 

Fig. 11 shows the change in body weight gain in rats which 
were intracerebroventricularly administered with relaxin-3 
continuously and reared while measuring their spontaneous 
locomotor activity. The white squares show the vehicle 

30 administration group (control) and the black squares show the 
relaxin-3 administration group. The vertical axis shows the mean 
and standard deviation of the body weight gain (g) per animal 
in each group. In the figure, the white triangles indicate days 
for measuring the locomotor activity in the light period and the 

35 black triangles indicate days for measuring the locomotor activity 
in the dark period. 
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Fig. 12 shows the effect of a chronic 
intracerebroventricular admini strati on of relaxin-3 to rats on 
spontaneous locomotor activity. The white bars show the vehicle 
administration group (control) and the black bars squares show 
5 the relaxin-3 administration group. The vertical axis shows the 
mean and standard deviation of the total locomotor activity 
(counts) per animal in each group. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 Relaxin-3 

"Relaxin-3" used in the present invention is a polypeptide 
called relaxin-3 (also known as INSL7 (GenBank Accession No. 
NM_080864) ) which is newly identified by a gene sequence database 
(J. Biol. Chem. 277, 1148-1157, 2002) , and means (i) a polypeptide 

15 comprising the amino acid sequence represented by SEQ ID NO: 2. 
Further, relaxin-3 also intends to include (ii) a modified 
polypeptide which is functionally equivalent to a polypeptide 
comprising the amino acid sequence represented by SEQ ID NO: 2, 
and (iii) a homologous polypeptide comprising an amino acid 

20 sequence having 70% or more homology to the amino acid sequence 
of a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO: 2. Relaxin-3 usedin the present invention is preferably 
"a polypeptide comprising the amino acid sequence represented 
by SEQ ID NO : 2 . " Further , the above-mentioned polypeptide intends 

25 to include salts of the polypeptide, and those with and without 
sugar chains. 

The term * functionally equivalent modified polypeptide 
(referred to as modified polypeptide hereinafter) " as used herein 
means a polypeptide that has a modified amino acid sequence of 

3 0 the amino acid sequence of SEQ ID NO : 2 having one or more (preferably 
one or several) deletions, substitutions, insertions and/or 
additions of amino acids and exhibits substantially the same 
activities as relaxin-3 [for example relaxin-3-receptor binding 
ability, various cell-stimulating activities associated with the 

35 binding (e.g., intracellular calcium release, adenylyl cyclase 
activation, intracellular cAMP production, intracellular cGMP 
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production, inositol phospholipid production, electrical 
potential change in the cell membrane, pH change in the vicinity 
of the cell membrane, phosphorylation of intracellular proteins, 
c-fos and c-jun induction/activation, arachidonic acid release) , 
5 feeding-stimulation, body weight gain, and fattening] . 

The term "substitution" in this specification means the 
replacement of one or more amino acid residues with other chemically 
homologous amino acid residues so as not to substantially change 
peptide activity. For example, a certain hydrophobic residue can 

10 be substituted with another hydrophobic residue and a certain 
polar residue can be substituted with another polar residue having 
the same charge. Functionally homologous amino acids capable of 
carrying out these substitutions for each amino acid are known 
to those skilled in the art. More specifically, examples of 

15 non-polar (hydrophobic) amino acids include alanine, valine, 
isoleucine, leucine, proline, tryptophan, phenylalanine, and 
methionine . Examples of polar (neutral ) amino acids include glycine , 
serine, threonine, tyrosine, glutamine, asparagine, and cysteine. 
Examples of positively charged (basic) amino acids include arginine, 

20 histidine, and lysine. Examples of negatively charged (acidic) 
amino acids include aspartic acid and glutamic acid. 

The number of amino acid residues to be deleted, substituted, 
inserted and/or added is, for example, 1 to 30, preferably 1 to 
20, more preferably 1 to 10, further more preferably 1 to 5, and 

25 most preferably 1 to 2. Further, the above-mentioned modified 
polypeptide means to include salts of the modified polypeptide, 
including those with and without sugar chains. Accordingly, the 
origin of the above-mentioned polypeptide is not limited to humans 
as long as the conditions above are satisfied. For example, 

30 relaxin-3 and its variations derived from organisms other than 
humans [for example, non-human mammals (e.g. ,mice, rats , hamsters , 
pigs, canines), birds, reptiles, amphibians, fish, and insects] 
are included. 

The above-mentioned homologous polypeptide is not 
35 particularly limited as long as it comprises an amino acid sequence 
having 70% or more homology to the amino acid sequence of relaxin-3 ; 



17 

it means an amino acid sequence which comprises an amino acid 
sequence having preferably 80% or more, more preferably 85% or 
more, further preferably 90% or more, further more preferably 
95% or more, and particularly preferably 98% or more, and most 
5 preferably 99% or more, homology to relaxin-3 and exhibits 
substantially the same activities as relaxin-3 (for example, 
relaxin-3-receptor binding ability, various cell -stimulating 
activities associated with the binding, feeding-stimulation, body 
weight gain, and fattening) . The figures for the "homology" in 

10 this specification can be figures calculated using a homology 
search program known to those skilled in the art; for example, 
they can be calculated using default parameters in the homology 
algorithm BLAST (basic local alignment search tool) 
http://www.ncbi.nlm.nih.gov/BLAST/ by The National Center for 

15 Biotechnology Information (NCBI) . Further, the above-mentioned 
homologous polypeptide includes salts of the homologous 
polypeptide, including those with and without sugar chains. 
Accordingly, the origin of the above-mentioned homologous 
polypeptide is not limited to humans as long as the conditions 

20 above are satisfied. For example, relaxin-3 and its variations 
derived from organisms other than humans [for example, non -human 
mammals (e.g., mice, rats, hamsters, pigs, canines), birds, 
reptiles, amphibians, fish, and insects] are included. 

The term M variation" as used herein refers to thedif f erences 

25 among the individuals within the same polypeptide in the same 
species or the variations among homologous polypeptides between 
different species. 

Relaxin-3 (namely, relaxin-3, a modified polypeptide, or 
a homologous polypeptide) to be used in the present invention 

30 can be obtained by various known methods, such as a genetic 
engineering method and a synthesis method. More specifically, 
in a genetic engineering method, a polynucleotide encoding 
relaxin-3 is introduced into an appropriate host cell, the 
resulting transformant is cultured under the conditions for 

35 enabling the expression, and then the polypeptide of interest 
can be isolated and purified from the culture by a method generally 
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used for isolation and purification of an expressed protein. In 
a synthesis method, synthesis can be possible using an ordinary 
method such as a liquid phase method and a solid phase method; 
generally an automatic synthesizer can be used. A chemically 
5 modified compound can be syn thes i zed by an ordinary method . Further , 
a polypeptide to be used can be either the entire or a part of 
SEQ ID NO: 2 or a polypeptide that has undergone secretory protein 
processing, such as cross-linking between cystines, N- terminal 
cyclic glutamination , and C-terminal amidation. 
10 Polynucleotide encoding relaxin-3 

Apolynucleotide encoding relaxin-3 to be used in the present 
invention is not particularly limited as long as it is a 
polynucleotide encoding a polypeptide to be used in the present 
invention. 

15 The term "polynucleotide" as used herein includes both DNA 

and RNA. More specifically, the polynucleotide used in the present 
invention is selected from the group consisting of the following 
(a) to (e) : 

(a) a polynucleotide consisting of the base sequence represented 
20 by SEQ ID NO: 1; 

(b) a polynucleotide encoding "polypeptide consisting of the amino 
acid sequence represented by SEQ ID NO: 2"; 

(c) a polynucleotide encoding "a polypeptide which comprises the 
amino acid sequence represented by SEQ ID NO: 2 and exhibits 

25 substantially the same activities as the above-mentioned 
relaxin-3" ; 

(d) a polynucleotide encoding "a polypeptide which comprises a 
modified amino acid sequence of the amino acid sequence represented 
by SEQ ID NO: 2 having one or more (preferably one or several) 

30 deletions, substitutions, insertions and/or additions of amino 
acids and exhibits substantially the same activities as the 
above-mentioned relaxin-3" ; and 

(e) a polynucleotide which hybridizes with a polynucleotide 
consisting of the base sequence represented by SEQ ID NO: 1 under 

35 stringent conditions and encodes a polypeptide having 
subs tan ti ally the same activities as the above-mentioned 
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relaxin-3. 

According to one embodiment of the present invention, the 
polynucleotide to be used in the present invention is a 
polynucleotide encoding "a polypeptide which comprises a modified 
5 amino acid sequence of the amino acid sequence represented by 
SEQIDNO: 2 having one or more (preferably one or several) deletions, 
substitutions, insertions and/or additions of amino acids and 
exhibits substantially the same activities as the above-mentioned 
relaxin-3." Here, the number of amino acid residues which can 

10 be deleted, substituted, inserted and/or added is, for example, 
1 to 30, preferably 1 to 20, more preferably 1 to 10, further 
more preferably 1 to 5, and most preferably 1 to 2. 

According to another embodiment of the present invention, 
the polynucleotide to be used in the present invention is a 

1 5 polynucleotide which hybridizes with a polynucleotide consisting 
of the base sequence represented by SEQ ID NO: 1 under stringent 
conditions and encodes "a polypeptide having substantially the 
same activities as the above-mentioned relaxin-3." 

In this specification, a specific example of the 

20 polynucleotide which hybridizes under stringent conditions is 
a polynucleotide having at least 70% or more, preferably 80% or 
more, more preferably 85% or more, further preferably 90% or more, 
further more preferably 95% or more, particularly preferably 98% 
or more, and most preferably 99% or more homology to the base 

2 5 sequence represented by SEQ ID NO: 1 when the homology i s calculated 
by a homology search software, suchasFASTA, BLAST, Smith -Waterman 
(Meth. Enzym. , 164, 765, 1988) , using default parameters . Further, 
hybridization "under stringent conditions" can be performed, for 
example, by a method in which the reaction is carried out at 40° 

30 to 70°C, preferably at 60°C to 65°C, in a hybridization buffer 
solution generally used by those skilled in the art and washing 
is carried out in a washing solution at a salt concentration of 
15 to 300 mmol/L, preferably at 15 to 60 mmol/L. The temperature 
and salt concentration can be appropriately adjusted depending 

35 on the length of the probe to be used. 

A polynucleotide to be used in the present invention can 
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be, for example, of natural origin or entirely synthesi zed. Further, 
it can be synthesized using a part of a natural product . Typically, 
a polynucleotide to be used in the present invention can be obtained, 
for example, from a commercial library or a cDNA library by a 
5 method customarily used in the field of genetic engineering, for 
example, by a screening method using an appropriate DNA probe 
constructed based on information of a partial amino acid sequence 
(for example the amino acid sequence represented by SEQ ID NO: 
2) . 

10 As a polynucleotide to be used in the present invention, 

"a polynucleotide comprising the base sequence represented by 
SEQ ID NO: 1" is preferable. The base sequence represented by 
SEQ ID NO: 1 has an open reading frame starting with ATG at position 
1-3 and ending with TAG at position 427-429. 

15 Pharmaceutical composition containing relaxin-3 

Relaxin-3 used in the present invention can be used as a 
feeding-stimulating agent to treat dysorexia and nutritional 
disorders with decrease in feeding, as a body weight gaining agent 
and a fattening agent to treat diseases which requires body weight 

20 gain, as a medicine to treat diseases caused by some abnormality 
in controlling obesity, and as a medicine to treat diseases caused 
by abnormality in relaxin-3 or a polynucleotide encoding relaxin-3 . 
Further, it can be used as a therapeutic medicine for the purpose 
of recovering feeding (or appetite) and/or body weight decreased 

25 due to onset of various diseases or treatment of various diseases 
(for example, during or after an operation) . Examples of the 
above-mentioned various diseases include diseases involved in 
the movement or function of the alimentary tract (e.g. , diarrhea, 
constipation, functional constipation, hypersensitive 

30 intestinal syndrome, and conditions which require defecation to 
remove intestinal contents upon alimentary canal examination or 
before or after an operation) , diseases involved in control of 
the immune functions (for example, chronic rheumatoid arthritis, 
systemic erythema todes , kidney diseases, scleroderma, atopic 

35 dermatitis, bronchial asthma, multiple sclerosis, rheumatic 
interstitial pneumonia, sarcoidosis, Crohn's disease, 
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inflammatory colitis, liver cirrhosis, chronic hepatitis, 
fulminant hepatitis , encephalomyelitis , and myasthenia gravis) , 
feeding disorder, anorexia, AIDS, cancers, and cachexia. They 
are preferably anorexia and cachexia. 

Said polypeptide or its salt can be used alone; however, 
it can also be used as a pharmaceutical composition by admixing 
with a pharmaceutical ly acceptable carrier. 

The term "salt" as used herein is not particularly limited 
as long as it is a salt formed with a compound of the present 
invention and pharmaceutically acceptable. Preferred examples 
of such salt include halogenated hydroacid salts (e.g., 
hydrof luorides , hydrochlorides, hydrobromides , hydroiodides) , 
inorganic acid salts (e.g., sulfates, nitrates, perchlorates , 
phosphates, carbonates, bi carbonates) , organic carboxylates 
(e.g. , acetates, trifluroacetates , oxalates, maleates, tartrates, 
fumarates, citrates), organic sulfonates (e.g., 

methanesulf onates , trif luoromethanesulf onates , 

ethanesulf onates , benzensulf onates , toluenesulf onates , 

camphor sulfonates) , amino acid salts (e.g., aspartates, 
glutamates) , quaternary amine salts, alkaline metal salts (e.g. , 
sodium salts, potassium salts) and alkaline earth metal salts 
(e.g. , magnesium salts , calcium salts) . Hydrochlorides, oxalates 
and the like are preferred as said "pharmaceutically acceptable 
salt." 

Here , the percentage of the active ingredient in the carrier 
can vary between 1 to 90% by weight. The above-mentioned medicine 
can be administered in various forms either orally or parenterally 
(for example, by intravenous, intramuscular, subcutaneous, rectal, 
or dermal administration) to humans or organisms other than humans 
[for example, non -human mammals (e.g. , cattle, monkeys, poultry, 
cats , mice , rats , hamsters , pigs , canines) , birds , reptiles , 
amphibians, fish, and insects] . Accordingly, the pharmaceutical 
composition containing relaxin-3 of the present invention is 
formulated into an appropriate dosage form depending on the 
administration route. More specifically, it can be formulated 
into oral formulations such as tablets, capsules, granules, 
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dispersible powders and syrups or parenteral formulations such 
as injections, intravenous drips, liposome compositions, and 
suppositories. These pharmaceutical preparations can be 
manufactured by an ordinary method using commonly used excipients , 
5 fillers, binding agents, wetting agents, disintegrating agents, 
surfactants, lubricants, dispersing agents, buffering agents, 
preservatives, solubilizing agents, antiseptics, flavoring 
agents, analgesic agents, stabilizers, and the like. Examples 
of the above-mentioned non-toxic additives to be used include 

10 lactose, fructose, glucose, starch, gelatin, magnesium stearate , 
methyl cellulose or its salts, ethanol, citricacid, sodium chloride, 
and sodium phosphate. 

The dosage form and amount of the administration depend 
on the selection of polypeptide, the subject to be administered, 

15 the administration route, properties of the preparation, 
conditions of the patient, and physician's judgement. However, 
the appropriate dose per 1 kg of patient' s body weight ranges , 
for example, from about 0.1 to 500 jxg, preferably from about 0.1 
to 100 \*g, and more preferably froin about 1 to 50 pg. The amount 

20 of necessary dosage is expected to vary widely considering that 
the efficiency is different depending on the route of 
administration. For example, the necessary dose for oral 
administration is expected to be higher than that for intravenous 
injection. Such variations in the dose level can be adjusted using 

25 a standard empirical optimizing procedure well understood in the 
field. 

Method of screening for compounds involved in feeding-control 
using relaxin-3 receptor 

As a relaxin-3 receptor used in the present invention , among 

30 various receptors , a receptor which has an ability to bind relaxin-3 
and exhibits various cell -stimulating activities of the relaxin-3 
receptor expressing cell (e.g., intracellular calcium release, 
adenylyl cyclase activation, intracellular cAMP production, 
intracellular cGMP production , inositol phospholipid production , 

35 electrical potential change in the cell membrane, pH change in 
the vicinity of the cell membrane, phosphorylation of intracellular 
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proteins, c-fos and c-jun induction/activation, arachidonic acid 
release) can be used. 

More specifically, as a relaxin-3 receptor, a reported known 
receptor, for example, LGR7 (GenBank Accession No. NM_021634) , 
5 SALPR (GenBank Accession No. NM_016568, also called GPCR135) , 
or GPR100 (GenBank Accession No. AB_083593, also called hGPCRll 
or GPCR142) can be used. Further, a partial polypeptide of these 
receptors is not particularly limited as long as it is usable 
in the screening method described later and a partial polypeptide 

10 having a binding ability to relaxin-3, a partial polypeptide 
comprising an amino acid sequence corresponding to the outside 
region of the cell membrane or the like can also be used. 

The content of the present invention will be explained in 
detail below in this specification , referring to a screening method 

1 5 using SALPR as a preferred example of the present invention . Namely , 
the present invention is to provide a method of screening for 
a compound which binds to SALPR or its partial polypeptide and 
is involved in the control of feeding (stimulation or suppression 
of feeding) . Further, whether a substance has an activity to 

20 stimulate or suppress feeding can be determined by allowing the 
test substance to act on SALPR or its partial polypeptide and 
measuring cell -stimulating activities. 

SALPR or its partial polypeptide can be obtained by various 
known methods ; for example, it can be prepared by a known genetic 

2 5 engineering method using a polynucleotide encoding SALPR (GenBank 
AccessionNo. NM_016568) . In another embodiment , it can be obtained 
by a known polypeptide synthesis method , such as an ordinary method , 
e.g. , a liquid phase method or solid phase method; an 
autosynthesizer can generally be used. Further, in another 

30 embodiment, a partial polypeptide of SALPR can be prepared by 
cleaving SALPR with an appropriate proteolytic enzyme. 

The polypeptide encoding SALPR to be used in the present 
invention means a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4 , a modified polypeptide functionally 

35 equivalent to a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4, or a polypeptide which comprises 
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an amino acid sequence having 70% or more, preferably 80% or more, 
more preferably 85% or more, further preferably 90% or more, further 
more preferably 95% or more, particularly preferably 98% or more, 
and most preferably 99% or more , homology to the amino acid sequence 
5 represented by SEQ ID NO: 4 and exhibits substantially the same 
activities as relaxin-3 (for example, a binding ability to 
relaxin-3 and various cell -stimulating activities associated with 
the binding, or a feeding-controlling activity) . 

Here, the modified polypeptide functionally equivalent to 

10 a polypeptide comprising the amino acid sequence represented by 
SEQ ID NO: 4 means a polypeptide which conprises an amino acid 
sequence having one or more deletions, substitutions, insertions 
and/or additions of one or more (preferably one or several) amino 
acids in the polypeptide comprising the amino acid sequence 

15 represented by SEQ ID NO: 4 and exhibits substantially the same 
activities as SALPR (for example, a binding ability to relaxin-3 
and various cell-stimulating activities associated with the 
binding, or a feeding-controlling activity) . 

Further, a partial polypeptide of SALPR can also be used 

20 as long as it has substantially the same activities as SALPR (for 
example, a binding ability to relaxin-3 and various 
cell-stimulating activities associated with the binding, or a 
feeding-controlling activity) . 

The genetic engineering method will be explained in detail 

25 more specif ically using SALPR below; however, its partial peptide 
can also be used as long as it is usable in the screening method 
described later. 

A polynucleotide encoding SALPR is introduced into an 
appropriate host cell, the resulting transformant is cultured 

30 under the conditions for enabling the expression, and thus a 
polypeptide of interest can be isolated and purified from the 
culture by a method generally used for isolation and purification 
of an expressed protein. Examples of the method for the 
above-mentioned isolation and purification include ammonium 

35 sulphate salting-out, ion-exchange column chromatography using 
ion-exchange cellulose, molecular sieving column chromatography 



25 



using a molecular sieving gel, affinity column chromatography 
using a protein-A binding polysaccharide, dialysis and 
lyophilization . 

A polynucleotide encoding SALPR to be used in the present 
5 invention is not particularly limited as long as it is a 
polynucleotide encoding a polypeptide to be used in the present 
invention . 

The term "polynucleotide" as used herein includes both DNA 
and RNA. More specifically, the polynucleotide used in the present 
10 invention is selected from the group consisting of the following 
(a) to (e): 

(a) a polynucleotide comprising the base sequence represented 
by SEQ ID NO: 3; 

(b) a polynucleotide encoding "a polypeptide comprising the amino 
15 acid sequence represented by SEQ ID NO: 4" ; 

(c) a polynucleotide encoding x> a polypeptide which comprises the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
s\abs tan tially the same activities as the above-mentioned SALPR" ; 

(d) a polynucleotide encoding "a polypeptide which comprises an 
20 amino acid sequence having deletions , substitutions, insertions 

and/or additions of one or more (preferably one or several) amino 
acids at one or more (preferably one or several) sites of the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
substantially the same activities as the above-mentioned SALPR" ; 
25 and 

(e) a polynucleotide which hybridizes with a polynucleotide 
comprising the base sequence represented by SEQ ID NO: 3 under 
stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR, 

30 According to one embodiment of the present invention, the 

polynucleotide to be used in the present invention is a 
polynucleotide comprising the base sequence represented by SEQ 
ID NO: 3. The above-mentioned polynucleotide represented by SEQ 
ID NO: 3 encodes SALPR comprising the amino acid sequence 

35 represented by SEQ ID NO: 4. 

According to another embodiment of the present invention, 
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the polynucleotide to be used in the present invention is a 
polynucleotide encoding "a polypeptide which comprises an amino 
acid sequence having deletions, substitutions, insertion and/or 
additions of one or more (preferably one or several) amino acids 
5 at one or more (preferably one or several) sites of the amino 
acid sequence representedby SEQ ID NO: 4 and exhibits substantially 
the same activities as the above-mentioned SALPR. " Here the number 
of amino acid residues which can be deleted, substituted, inserted 
and/or added is, for example, 1 to 30, preferably 1 to 20, more 

10 preferably 1 to 10, further more preferably 1 to 5, and most 
preferably 1 to 2. 

According to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 
is a polynucleotide which hybridizes with a polynucleotide 

15 comprising the base sequence represented by SEQ ID NO: 3 under 
stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 
Further, according to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 

20 is a polynucleotide which hybridizes with a polynucleotide 
consisting of the base sequence represented by SEQ ID NO: 3 under 
stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR, 
A plasmid to be used in the above-mentioned transformation 

25 is not particularly limited as long as it contains a polynucleotide 
encoding the above-mentioned SALPR ; for example , i t can be obtained 
by inserting said polynucleotide into a known expression vector 
appropriately selected depending on a host cell used. 

The above-mentioned transformant is also not particularly 

30 limited as long as it contains a polynucleotide encoding the 
above-mentioned SALPR; for example, it can be a transformant in 
which said polynucleotide is incorporated into a chromosome of 
the host cell , a transformant which contains said polynucleotide 
in the form of a plasmid, or a transformant which does not express 

35 SALPR. Said transformant can be obtained, for example, by 
transforming a desired host cell with the above-mentioned plasmid 
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or the above-mentioned polynucleotide itself. 

Examples of the above-mentioned host cell include generally 
used known microorganisms such as Escherichia coli (e.g. , E . coli 
JM109) and yeasts (e.g., Saccharomyces cerevisiae W303) and known 
5 culture cells such as animal cells (e.g., CHO cells , HEK-293 cells , 
COS cells) and insect cells (e.g., BmN4 cells). 

Examples of the above-mentioned expression vector include 
pUC, pTV, pGEX, pKK, and pTrcHis for E. coli; pEMBLY and pYES2 
for yeasts; pcDNA3, pMAMneo and pBabe Puro for CHO cells, HEK-293 

10 cells and COS cells; and a vector having the polyhedrin promoter 
of Bombyx mori nuclear polyhedrosis virus (BmNPV) (e.g. , pBK283) 
for BmN4 cells. 

A cell containing SALPR is not particularly limited as long 
as it expresses SALPR on the surface of the cell membrane and 

15 can be obtained, for example, by culturing the above-mentioned 
transformant (namely, the cell transformed with a plasmid 
containing a polynucleotide encoding SALPR) under the conditions 
enabling the expression of SALPR, or by injecting RNA encoding 
SALPR into an appropriate cell and cul turing i t under the condi tions 

20 enabling the expression of SALPR. 

A cell membrane fraction containing SALPR to be used in 
the present invention can be obtained, for example, by disrupting 
the cells expressing SALPR according to the present invention 
and then isolating a fraction rich in the cell membrane. Examples 

25 of the method of disrupting the cells include a method of disrupting 
the cells using a homogenizer (e.g. , a Potter -Elvehi em- type 
homogenizer) , disruption by a Waring blender or Polytron 
(Kinematica) , ultrasonic disruption, and disruption by ejecting 
the cells from a fine nozzle under pressure using a French press 

30 or the like. Further, examples of the method for fractionating 
the cell membrane include a f ractionationmethodby centrif ugation , 
such as differential centrif ugation and density gradient 
centrif ugation . 

In a method of screening for a compound which stimulates 

35 or suppresses feeding via SALPR according to the present invention , 
SALPR, the above-mentioned cell membrane fraction (namely, a cell 
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membrane fraction containing SALPR) or the above-mentioned cell 
(namely, the cell containing SALPR) can be used. 

Further, a screening method according to the present 
invention includes and utilizes a method of examining whether 
5 a test substance binds specifically to SALPR and a method of 
examining cell -stimulating activities generated by the binding 
of the test substance to SALPR (for example, intracellular calcium 
release, adenylyl cyclase activation, intracellular cAMP 
production, intracellular cGMP production, inositol phospholipid 

10 production, electrical potential change in the cell membrane, 
pH change in the vicinity of the cell membrane, phosphorylation 
of intracellular proteins , c-fos and c-jun induction/activation, 
and arachidonic acid release) . 

In the screening method according to the present invention , 

15 for example, SALPR, the above-mentioned cell membrane fraction 
or the above-mentioned cell is contacted with a test substance 
to analyze whether SALPR, the above-mentioned cell membrane 
fraction, or the above-mentioned cell binds to the test substance, 
and thus the screening for the compound can be achieved without 

20 distinction between stimulating and suppressing abilities in 
feeding via SALPR. 

Specifically, in the presence or absence of the test 
substance, SALPR, the above-mentioned cell membrane fraction or 
the above-mentioned cell is contacted with a labeled natural ligand 

25 (namely relaxin-3) to compare the amount of specific binding of 
the above-mentioned natural ligand via SALPR, the above-mentioned 
cell membrane fraction or the above-mentioned cell, and thus the 
screening for the compound can be achieved without distinction 
between stimulating and suppressing abi li ties in feeding via SALPR . 

30 Namely, when the above-mentioned test substance has 
feeding-stimulating or -suppressing ability via SALPR, the amount 
of specific binding of the natural ligand via SALPR, the 
above-mentioned cell membrane fraction or the above-mentioned 
cell in the presence of the test substance decreases as compared 

35 to the corresponding amount of the specific binding in the absence 
of the test substance. 
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In the screening method according to the present invention , 
when the amount of specific binding of the natural ligand via 
SALPR, the above-mentioned cell membrane fraction or the 
above-mentioned cell is compared, a labeled natural ligand can 
5 be used as the above-mentioned natural ligand. For the 
above-mentioned labeling, a radioactive isotope, an enzyme, a 
fluorescent substance, a luminescent substance and the like can 
be used. Examples of the radioactive isotope include [ 3 H] , [ 14 C] , 
t 125 I] , and t 35 S] . Examples of the enzyme include P-galactosidase, 

10 alkaline phosphatase, and peroxidase . Examples of the fluorescent 
substance include fluorescein isothiocyanate andBODIPY . Examples 
of the luminescent substance include luciferin and lucigenin. 
Occasionally, the biotin-avidin system can be used for binding 
of the natural ligand and the labeling substance. 

15 Thus, the screening method according to the present 

invention can screen for a compound which binds to SALPR, the 
above-mentioned cell membrane fraction or the above-mentioned 
cell to inhibit their binding to the natural ligand, without 
distinction between stimulating and suppressing abilities in 

20 feeding via SALPR. 

In another embodiment of the screening method according 
to the present invention, the above-mentioned cell is contacted 
with a labeled natural ligand (namely relaxin-3) under conditions 
in the presence or absence of a test substance to compare the 

25 amount of specific binding of the above-mentioned natural ligand 
via the above-mentioned cell under these conditions and then 
further compare a specific cell -stimulating activity of the 
above-mentioned natural ligand under these conditions, thereby 
enabling the screening for a compound with distinction between 

30 stimulating and suppressing abilities in feeding via SALPR. 

In the above-mentioned embodiment, a substance which binds 
to the above-mentioned cell and exhibits the cell-stimulating 
activity via a receptor contained in the above-mentioned cell 
can be selected as a compound which stimulates feeding via SALPR. 

35 On the other hand, in the above-mentioned embodiment, a 

test substance which inhibits binding of the above-mentioned cell 
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and the natural ligand but does not exhibit the cell-stimulating 
activity can be selected as a compound which suppresses feeding 
via SALPR. 

The screening method according to the present invention 
5 can be carried out using , for example, suppression of adenylyl 
cyclase activity as a cell -stimulating activity. 

In the screening method of this embodiment, for exanple, 
cAMP produced in a cell by the activation of adenylyl cyclase 
can be measured using a known method, thereby enabling the screening 

10 f or a compound with distinction between stimulating and suppressing 
abilities in feeding via SALPR. This embodiment utilizes 
intracellular signal transmission generated by the binding of 
the natural ligand to SALPR, namely, the suppression of adenylyl 
cyclase activity which is one of cell -stimulating activities of 

15 SALPR. Specifically, when the natural ligand binds to SALPR, a 
Gi family that is a member of G protein family coupled with SALPR 
suppresses adenylyl cyclase to decrease the amount of cyclic AMP 
(cAMP, produced from ATP by adenylyl cyclase) produced in the 
cell. 

20 For example , the intracellular cAMP concentration increases 

when an adenylyl cyclase-activa ting agent [such as forskolin (FSK) ] 
is added to mammal -derived cells (for example, HEK-293 cells or 
CHO cells) in which SALPR is expressed on the cell membrane 
(preferably, excessively expressed by introducing an expression 

25 vector containing SALPR) . 

Further , when a natural ligand of SALPR is added upon adding 
an adenylyl cyclase-activa ting agent, adenylyl cyclase activity 
suppression also occurs due to the action of the above-mentioned 
natural ligand on SALPR according to the present invention, in 

30 addition to the above-mentioned adenylyl cyclase activity 
stimulation due to the adenylyl cyclase-activa ting agent, which 
results in a decrease in the cAMP production as compared to the 
case where the adenylyl cyclase activating agent alone is added. 
Therefore, when the screening is carried out for a compound having 

35 a feeding-stimulating activity, a compound which decreases the 
cAMP production (namely having the same activity as the natural 
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ligand) can be selected by contacting the test substance alone, 
in place of the natural ligand which acts via SALPRin this screening 
system. 

When the screening is carried out for a compound having 
a feeding-suppressing activity, an adenylyl cyclase activating 
agent, a natural ligand of SALPR, and a test substance can be 
added to cells for screening. The cAMP production decreases due 
to the action of the natural ligand as compared to the case where 
the adenylyl cyclase activating agent alone is added; however, 
the decrease in the cAMP production is suppressed when the test 
substance antagonizes the action of the natural ligand. In this 
case, this test substance can be selected as a compound having 
a feeding-suppressing activity. 

As a method for measuring the amount of intracellular cAMP, 
an immunoassay or the like can be used; for example, a commercial 
kit for cAMP quantification can also be used. 

In another embodiment of the screening method, for example, 
screening for a compound can be achieved with distinction between 
stimulating and suppressing abilities in feeding via SALPR, by 
using a cell (occasionally referred to as "screening cell" 
hereinafter) in which SALPR is expressed on the cell membrane 
(preferably excessively expressed by introducing an expression 
vector containing SALPR) and a reporter gene [for example, the 
alkaline phosphatase gene, the lucif erase gene, the p-lactamase 
gene, the nitroreductase gene, the chloramphenicol acetyl 
transferase gene, the p-galactosidase gene, or a fluorescent 
protein gene such as GFP (green fluorescent protein) gene] having 
a cAMP- responding element (CRE) located upstream of the 5' end 
is contained. This embodiment utilizes the fact that the 
transcription of the reporter gene, which has the CRE introduced 
into the above-mentioned screening cell in the promoter region, 
is suppressed as a result of the decrease in the above-mentioned 
cAMP production. 

A process of screening for a compound with distinction 
between stimulating and suppressing abilities in feeding via SALPR 
by the above-mentioned embodiment will be explained in more detail 
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as follows . 

Namely, the CRE introduced into the above-mentioned 
screening cell is a base sequence commonly present in a 
transcription regulatory region of a group of genes (cAMP inducing 
5 genes) whose expression is accelerated when the intracellular cAMP 
concentration increases. Therefore, when an adenylyl cyclase 
activating agent (e.g., FSK) is added to a screening cell, the 
intracellular cAMP concentration increases, which results in an 
increase in the amount of expression of the reporter gene located 

10 in the downstream of the CRE . The amount of expression of a reporter 
gene product can be easily measured by measuring luminescence 
derived from a luminescent substance generated from a substrate 
reacted with the reporter gene product or fluorescence derived 
from a fluorescent protein produced as the reporter gene product . 

1 5 Further , when a natural ligand of SALPR is added upon adding 

an adenylyl cyclase-activating agent, adenylyl cyclase activity 
suppression also occurs due to the action of the above-mentioned 
natural ligand on SALPR according to the present invention, in 
addition to the above-mentioned adenylyl cyclase activity 

20 stimulation due to the adenylyl cyclase-activating agent, which 
results in a decrease in the amount of the expression of the reporter 
gene product as compared to the case where the adenylyl cyclase 
activating agent alone is added. Therefore, when the screening 
is carried out for a compound having feeding- stimulating activity , 

25 a compound which decreases the amount of expression of the reporter 
gene product (namely having the same activi ty as the natural ligand) 
can be selected by contacting the test substance alone, in place 
of the natural ligand which acts via SALPR in this screening system. 

When the screening is carried out for a compound having 

30 a feeding-suppressing activity, an adenylyl cyclase activating 
agent, a natural ligand of SALPR, and a test substance can be 
added to a screening cell . The amount of expression of the reporter 
gene product decreases due to the action of the natural ligand 
as compared to the case where the adenylyl cyclase activating 

35 agent alone is added; however, the decrease in the amount of 
expression of the reporter gene product is suppressed when the 
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test substance antagonizes the action of the natural ligand. In 
this case, the test substance can be selected as a compound having 
a feeding-suppressing activity. 

Whether the action by a test substance is due to the action 
5 through the binding to SALPR can be easily confirmed. For example , 
in parallel with the above-mentioned test using a screening cell 
(namely, a cell which expresses SALPR on the cell membrane and 
contains a reporter gene with CRE located upstream of the 5' end) , 
a similar test is carried out using a cell for control (for example , 

10 a cell which contains a reporter gene with CRE located upstream 
of the 5' end but does not express SALPR on the cell membrane) . 
As a result, the cell for screening and the cell for control show 
the same phenomenon regarding the amount of expression of the 
reporter gene product when the action by the above-mentioned test 

15 substance is not due to the binding to SALPR, while the cell for 
screening and the cell for control show different phenomena 
regarding the amount of expression of the reporter gene product 
when the action by the above-mentioned test substance is due to 
the binding to SALPR. 

20 Further, in another embodiment, a test substance 

influencing feeding-control can be confirmed and determined by 
administering the test substance selected by the above-mentioned 
screening method to humans or organisms other than humans [for 
example, non-human mammals (e.g. , cattle, monkeys, poultry, cats, 

25 mice rats, hamsters, pigs, canines) , birds, reptiles, amphibians, 
fish, and insects] and analyzing indices such as the amount of 
feeding and changes in blood parameters after administration. 
The above-mentioned mammals are not limited to normal animals, 
but can also be genetic mutant animal models for disease (for 

30 example, morbid obesity models such as ob/ob mice, db/db mice, 
and Zucker fatty rats) and genetically modified animals . The test 
substance can be administered either orally or parenterally . 
Examples of the parenteral route include intravenous, 
intraarterial , subcutaneous , intraperi toneal , intratracheal , 

35 intrarectal, and intracerebral administration, preferably 
administration into the cerebroventricle near the hypothalamus. 
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As the indices for the screening, body weight, the amount of motor 
activity, the amount of energy metabolism, the amount of blood 
sugar and fat, the amount of hormones, the amount of secretory 
peptides and the like can be effectively measured other than the 
amount of feeding. Further, upon administration, conditions such 
as fasting, satiation, and excessive fat diet can be added. 

The test subs tance can be administered in a single or divided 
dose per day and the administration or observation period can 
be from one day to several weeks. 

Method of screening for compounds involved in body weight control 
using relaxin-3 receptor 

As a relaxin-3 receptor to be used in the present invention , 
among various receptors, a receptor which has an ability to bind 
relaxin-3 and exhibits various cell -stimulating activities of 
the relaxin-3 receptor expressing cell (e.g., intracellular 
calcium release, adenylyl cyclase activation, intracellular cAMP 
production, intracellular cGMP production, inositol phospholipid 
production, electrical potential change in the cell membrane, 
pH change in the vicinity of the cell membrane, phosphorylation 
of intracellular proteins, c-fos and c-jun induction/activation, 
arachidonic acid release) can be used. 

More specifically, as a relaxin-3 receptor, a reported known 
receptor, for example, LGR7 (GenBank Accession No. NM_021634) , 
SALPR (GenBank Accession No. NMJD16568, also called GPCR135) , 
or GPR100 (GenBank Accession No. AB_083593, also called hGPCRll 
or GPCR142) can be used. Further, a partial polypeptide of these 
receptors is not particularly limited as long as it is usable 
in the screening method described later and a partial polypeptide 
having a binding ability to relaxin-3, a partial polypeptide 
comprising an amino acid sequence corresponding to the outside 
region of the cell membrane or the like can also be used. 

The content of the present invention will be explained in 
detail below in this specification , referring to a screening method 
using SALPR as a preferred example of the present invention . Namely , 
the present invention is to provide a method of screening for 
a compound which binds to SALPR or its partial polypeptide and 
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is involved in the control of body weight (increase or decrease 
in body weight) . Further, whether a substance has an activity 
to increase or decrease body weight can be determined by allowing 
the test substance to act on SALPR or its partial polypeptide 
5 and measuring cell-stimulating activities. 

SALPR or its partial polypeptide can be obtained by various 
known methods; for example, it can be prepared by a known genetic 
engineering method using a polynucleotide encoding SALPR (GenBank 
AccessionNo. NM_016568) . In another embodiment, it can be obtained 

10 by a known polypeptide synthesis method , such as an ordinary method , 
e.g., a liquid phase method or solid phase method; an 
autosynthesizer can generally be used. Further, in another 
embodiment, a partial polypeptide of SALPR can be prepared by 
cleaving SALPR with an appropriate proteolytic enzyme. 

15 The polypeptide encoding SALPR to be used in the present 

invention means a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4 , a modified polypeptide functionally 
equivalent to a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4, or a polypeptide which compri ses 

20 an amino acid sequence having 70% or more, preferably 80% or more, 
more preferably 85% or more , further preferably 90% or more , further 
more preferably 95% or more, particularly preferably 98% or more, 
andmost preferably 99% or more , homology to the amino acid sequence 
represented by SEQ ID NO: 4 and exhibits substantially the same 

25 activities as relaxin-3 (for example, a binding ability to 
relaxin-3 and various cell-stimulating activities associated with 
the binding, or a body weight controlling activity) . 

Here, the modified polypeptide functionally equivalent to 
a polypeptide comprising the amino acid sequence represented by 

30 SEQ ID NO: 4 means a polypeptide which comprises an amino acid 
sequence having one or more deletions, substitutions, insertions 
and/ or additions of one or more (preferably one or several) amino 
acids in the polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4 and exhibits substantially the same 

35 activities as SALPR (for example, a binding ability to relaxin-3 
and various cell -stimulating activities associated with the 
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binding, or a body weight controlling activity) . 

Further, a partial polypeptide of SALPR can also be used 
as long as it has substantially the same activities as SALPR (for 
example, a binding ability to relaxin-3 and various 
5 cell -stimulating activities associated with the binding, or a 
body weight controlling activity) . 

The genetic engineering method will be explained in detail 
more specifically using SALPR below; however, its partial peptide 
can also be used as long as it is usable in the screening method 

10 described later. 

A polynucleotide encoding SALPR is introduced into an 
appropriate host cell, the resulting transformant is cultured 
under the conditions for enabling the expression, then a 
polypeptide of interest can be isolated and purified from the 

15 culture by a method generally used for isolation and purification 
of an expressed protein, and thus SALPR is prepared. Examples 
of the method for the above-mentioned isolation and purification 
include ammonium sulphate salting-out, ion-exchange column 
chromatography using an ion-exchange cellulose, molecular sieving 

20 column chromatography using a molecular sieving gel, affinity 
column chromatography using a protein-A binding polysaccharide , 
dialysis and lyophilization. 

A polynucleotide encoding SALPR to be used in the present 
invention is not particularly limited as long as it is a 

25 polynucleotide encoding a polypeptide to be used in the present 
invention . 

The term "polynucleotide" as used herein includes both DNA 
and RNA. More specif ically , the polynucleotide used in the present 
invention is selected from the group consisting of the following 
30 (a) to (e) : 

(a) a polynucleotide comprising the base sequence represented 
by SEQ ID NO: 3; 

(b) a polynucleotide encoding x> a polypeptide comprising the amino 
acid sequence represented by SEQ ID NO: 4" ; 

35 (c) a polynucleotide encoding "a polypeptide which comprises the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
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substantially the same activities as the above-mentioned SALPR" ; 

(d) a polynucleotide encoding "a polypeptide which comprises an 
amino acid sequence having deletions, substitutions, insertions 
and/or additions of one or more (preferably one or several) amino 

5 acids at one or more (preferably one or several) sites of the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
substantially the same activities as the above-mentioned SALPR" ; 
and 

(e) a polynucleotide which hybridizes with a polynucleotide 
10 comprising the base sequence represented by SEQ ID NO: 3 under 

stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 

According to one embodiment of the present invention, the 
polynucleotide to be used in the present invention is a 

15 polynucleotide comprising the base sequence represented by SEQ 
ID NO: 3. The above-mentioned polynucleotide represented by SEQ 
ID NO: 3 encodes SALPR comprising the amino acid sequence 
represented by SEQ ID NO: 4. 

According to another embodiment of the present invention, 

20 the polynucleotide to be used in the present invention is a 
polynucleotide encoding M a polypeptide which comprises an amino 
acid sequence having deletions, substitutions, insertion and/or 
additions of one or more (preferably one or several) amino acids 
at one or more (preferably one or several) sites of the amino 

25 acid sequence representedby SEQ ID NO : 4 and exhibits substantially 
the same activities as the above-mentioned SALPR. " Here the number 
of amino acid residues which can be deleted, substituted, inserted 
and/or added is, for example, 1 to 30, preferably 1 to 20, more 
preferably 1 to 10, further more preferably 1 to 5, and most 

30 preferably 1 to 2. 

According to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 
is a polynucleotide which hybridizes with a polynucleotide 
comprising the base sequence represented by SEQ ID NO: 3 under 

35 stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 
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Further, according to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 
is a polynucleotide which hybridizes with a polynucleotide 
comprising the base sequence represented by SEQ ID NO: 3 under 
5 stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 

Aplasmid to be used in the above-mentioned transformation 
is not particularly limited as long as it contains a polynucleotide 
encoding the above-mentioned SALPR; for example, it can be obtained 

10 by inserting said polynucleotide into a known expression vector 
appropriately selected depending on a host cell used. 

The above-mentioned transformant is also not particularly 
limited as long as it contains a polynucleotide encoding the 
above-mentioned SALPR; for example, it can be a transformant in 

15 which said polynucleotide is incorporated into a chromosome of 
the host cell, a transformant which contains said polynucleotide 
in the form of a plasmid, or a transformant which does not express 
SALPR. Said transformant can be obtained, for example, by 
transforming a desired host cell with the above-mentioned plasmid 

20 or the above-mentioned polynucleotide itself. 

Examples of the above-mentioned host cell include generally 
used known microorganisms such as Escherichia coli (e.g. , E . coli 
JM109) and yeasts (e.g. , Saccharomyces cerevisiae W303) and known 
culture cells such as animal cells (e.g. , CHO cells , HEK-293 cells , 

25 COS cells) and insect cells (e.g., BmN4 cells). 

Examples of the above-mentioned expression vector include 
pUC, pTV, pGEX, pKK, and pTrcHis for E. coli ; pEMBLY and pYES2 
for yeasts; pcDNA3, pMAMneo and pBabe Puro for CHO cells, HEK-293 
cells and COS cells; and a vector having the polyhedrin promoter 

30 of Borribyxmori nuclear polyhedrosis virus (BmNPV) (e.g. , pBK283) 
for BmN4 cells. 

A cell containing SALPR is not particularly limited as long 
as it expresses SALPR on the surface of the cell membrane and 
can be obtained, for example, by culturing the above-mentioned 

35 transformant (namely, the cell transformed with a plasmid 
containing a polynucleotide encoding SALPR) under the conditions 
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enabling the expression of* SALPR, or by injecting RNA encoding 
SALPR into an appropriate cell and cul turing i t under the condi tions 
enabling the expression of SALPR. 

A cell membrane fraction containing SALPR to be used in 
5 the present invention can be obtained, for example, by disrupting 
the cells expressing SALPR according to the present invention 
and then isolating a fraction rich in the cell membrane. Examples 
of the method of disrupting the cells include a method of crushing 
the cells using a homogenizer (e.g., a Potter-Elvehiem-type 

10 homogenizer) , disruption by a Waring blender or Polytron 
(Kinematica) , ultrasonic disruption, and disruption by ejecting 
the cells from a fine nozzle under pressure using a French press 
or the like. Further, examples of the method for fractionating 
the cell membrane include a f ractionationmethodby centrif ugation , 

15 such as differential centrif ugation and density gradient 
centrif ugation . 

In a method of screening for a compound which increases 
or decreases body weight via SALPR according to the present 
invention, SALPR, the above-mentioned cell membrane fraction 

20 (namely, a cell membrane fraction containing SALPR) or the 
above-mentioned cell (or the cell containing SALPR) can be used. 

Further, a screening method according to the present 
invention includes and utilizes a method of examining whether 
a test substance binds specifically to SALPR and a method of 

25 examining cell -stimulating activities generated by the binding 
of the test substance to SALPR (for example, intracellular calcium 
release, adenylyl cyclase activation, intracellular cAMP 
production, intracellular cGMP production, inositol phospholipid 
production, electrical potential change in the cell membrane, 

30 pH change in the vicinity of the cell membrane, phosphorylation 
of intracellular proteins, c-fos and c-jun induction/activation, 
and arachidonic acid release) . 

In the screening method according to the present invention , 
for example, SALPR, the above-mentioned cell membrane fraction 

35 or the above-mentioned cell is contacted with a test substance 
to analyze whether SALPR, the above-mentioned cell membrane 
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fraction, or the above-mentioned cell binds to the test substance, 
and thus the screening for the compound can be achieved without 
distinction between body weight increasing and decreasing 
abilities via SALPR. 
5 Specifically, in the presence or absence of the test 

substance, SALPR, the above-mentioned cell membrane fraction or 
the above-mentioned cell is contacted with a labeled natural ligand 
(namely relaxin-3) to compare the amount of specific binding of 
the above-mentioned natural ligand via SALPR, the above-mentioned 

10 cell membrane fraction or the above-mentioned cell, and thus the 
screening for the compound can be achieved without distinction 
between body weight increasing and decreasing abili ties via SALPR . 
Namely, when the above-mentioned test substance has body weight 
increasing or decreasing ability via SALPR, the amount of specific 

15 binding of the natural ligand via SALPR, the above-mentioned cell 
membrane fraction or the above-mentioned cell in the presence 
of the test substance decreases as compared to the corresponding 
amount of the specific binding in the absence of the test substance . 

In the screening method according to the present invention , 

20 when the amount of specific binding of the natural ligand via 
SALPR , the above-mentioned cell membrane f raction or the 
above-mentioned cell is compared, a labeled natural ligand can 
be used as the above-mentioned natural ligand. For the 
above-mentioned labeling, a radioactive isotope, an enzyme, a 

25 fluorescent substance, a luminescent substance and the like can 
be used. Examples of the radioactive isotope include f 3 !!] , [ 14 C] , 
[ 125 I] , and [ 35 S] . Examples of the enzyme include (3-galactosidase , 
alkaline phosphatase, and peroxidase . Examples of the fluorescent 
substance include fluorescein isothiocyanate andBODIPY . Examples 

30 of the luminescent substance include luciferin and lucigenin. 
Occasionally, the biotin-avidin system can be used for binding 
of the natural ligand and the labeling substance. 

Thus, the screening method according to the present 
invention can screen for a compound which binds to SALPR, the 

35 above-mentioned cell membrane fraction or the above-mentioned 
cell to inhibit their binding to the natural ligand, without 
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distinction between body weight increasing and decreasing 
abilities via SALPR. 

In another embodiment of the screening method according 
to the present invention, the above-mentioned cell is contacted 
with a labeled natural ligand (namely relaxin-3) under conditions 
in the presence or absence of a test substance to compare the 
amount of specific binding of the above-mentioned natural ligand 
via the above-mentioned cell under the above-mentioned conditions 
and then further compare a specific cell -stimulating activity 
of the above-mentioned natural ligand under these conditions, 
thereby enabling the screening for a compound with distinction 
between body weight increasing and decreasing abilities via SALPR . 

In the above-mentioned embodiment, a substance which binds 
to the above-mentioned cell and exhibits the cell -stimulating 
activity via a receptor contained in the above-mentioned cell 
can be selected as a compound which increases body weight via 
SALPR. 

On the other hand, in the above-mentioned embodiment, a 
test substance which inhibits binding of the above-mentioned cell 
and the natural ligand but does not exhibit the cell -stimulating 
activity can be selected as a compound which decreases body weight 
via SALPR. 

The screening method according to the present invention 
can be carried out using, for example, suppression of adenylyl 
cyclase activity as a cell -stimulating activity. 

In the screening method of this embodiment, for example, 
cAMP produced in a cell by the activation of adenylyl cyclase 
can be measured using a known method, thereby enabling the screening 
for a compound with distinction between body weight increasing 
and decreasing abilities via SALPR. This embodiment utilizes 
intracellular signal transmission generated by the binding of 
the natural ligand to SALPR, namely, the suppression of adenylyl 
cyclase activity which is one of cell -stimulating activities of 
SALPR. Specifically, when the natural ligand binds to SALPR, a 
Gi family that is a member of G protein family coupled with SALPR 
suppresses adenylyl cyclase to decrease the amount of cyclic AMP 
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(cAMP, produced from ATP by adenylyl cyclase) produced in the 
cell. 

For example , the intracellular cAMP concentration increases 
when an adenylyl cyclase-activa ting agent [such as forskolin (FSK) ] 
5 is added to mammal -derived cells (for example, HEK-293 cells or 
CHO cells) in which SALPR is expressed on the cell membrane 
(preferably, excessively expressed by introducing an expression 
vector containing SALPR) . 

Further , when a natural ligand of SALPR is added upon adding 

10 an adenylyl cyclase-activa ting agent, adenylyl cyclase activity 
suppression also occurs due to the action of the above-mentioned 
natural ligand on SALPR according to the present invention, in 
addition to the above-mentioned adenylyl cyclase activity 
stimulation due to the adenylyl cyclase-activa ting agent, which 

15 results in a decrease in the cAMP production as compared to the 
case where the adenylyl cyclase activating agent alone is added. 
Therefore, when the screening is carried out for a compound having 
a body weight increasing activity, a compound which decreases 
the cAMP production (namely having the same activity as the natural 

20 ligand) can be selected by contacting the test substance alone, 
in place of the natural ligand which acts via SALPR in this screening 
system. 

When the screening is carried out for a compound having 
a body weight decreasing activity, an adenylyl cyclase activating 
25 agent, a natural ligand of SALPR, and a test substance can be 
added to cells for screening. The cAMP production decreases due 
to the action of the natural ligand as compared to the case where 
the adenylyl cyclase activating agent alone is added; however, 
the decrease in the cAMP production is suppressed when the test 
30 substance antagonizes the action of the natural ligand. In this 
case, this test substance can be selected as a compound having 
a body weight decreasing activity. 

As a method for measuring the amount of intracellular cAMP, 
an immunoassay or the like can be used; for example, a commercial 
35 kit for cAMP quantification can also be used. 

In another embodiment of the screening method, for example , 
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screening for a compound can be achieved with distinction between 
body weight increasing and decreasing abilities via SALPR, by- 
using a cell (occasionally referred to as M screening cell" 
hereinafter) in which SALPR is expressed on the cell membrane 
5 (preferably excessively expressed by introducing an expression 
vector containing SALPR) and a reporter gene [for example, the 
alkaline phosphatase gene, the lucif erase gene, the 0-lactamase 
gene, the nitroreductase gene, the chloramphenicol acetyl 
transferase gene, the p-galactosidase gene, or a fluorescent 

10 protein gene such as GFP (green fluorescent protein) gene] having 
a cAMP responding element (CRE) located upstream of the 5' end 
is contained. This embodiment utilizes the fact that the 
transcription of the reporter gene which has the CRE introduced 
into the above-mentioned screening cell , in the promoter region 

15 is suppressed as a result of the decrease in the above-mentioned 
cAMP production, 

A process of screening for a compound with distinction 
between body weight increasing and decreasing abilities via SALPR 
by the above-mentioned embodiment will be explained in more detail 

20 as follows. 

Namely, the CRE introduced into the above-mentioned 
screening cell is a base sequence commonly present in a 
transcription regulatory region of a group of genes (cAMP inducing 
genes) whose expression is accelerated when the intracellular cAMP 

25 concentration increases. Therefore, when an adenylyl cyclase 
activating agent (e.g., FSK) is added to a screening cell, the 
intracellular cAMP concentration increases, which results in an 
increase in the amount of expression of the reporter gene located 
in the downstream of the CRE . The amount of expression of a reporter 

30 gene product can be easily measured by measuring luminescence 
derived from a luminescent substance generated from a substance 
reacted with the reporter gene product or fluorescence derived 
from a fluorescent protein produced as the reporter gene product . 

Further, when a natural ligand of SALPR is added upon adding 

35 an adenylyl cyclase-activating agent, adenylyl cyclase activity 
suppression also occurs due to the action of the above-mentioned 
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natural ligand on SALPR according to the present invention, in 
addition to the above-mentioned adenylyl cyclase activity 
stimulation due to the adenylyl cyclase-activating agent, which 
results in a decrease in the amount of the expression of the reporter 
5 gene product as compared to the case where the adenylyl cyclase 
activating agent alone is added. Therefore, if the screening is 
for a compound having body weight increasing activity, a compound 
which decreases the amount of expression of the reporter gene 
product (namely having the same activity as the natural ligand) 

10 can be selected by contacting the test substance alone, in place 
of the natural ligand which acts via SALPR in this screening system. 

When the screening is carried out for a compound having 
a body weight decreasing activity, an adenylyl cyclase activating 
agent, a natural ligand of SALPR, and a test substance can be 

1 5 added to a screening cell . The amount of expression of the reporter 
gene product decreases due to the action of the natural ligand 
as compared to the case where the adenylyl cyclase activating 
agent alone is added; however, the decrease in the amount of 
expression of the reporter gene product is suppressed when the 

20 test substance antagonizes the action of the natural ligand. In 
this case, the test substance can be selected as a compound having 
a body weight decreasing activity. 

Whether the action by a test substance is due to the action 
through the binding to SALPR can be easily confirmed. For example, 

25 in parallel with the above-mentioned test using a screening cell 
(namely, a cell which expresses SALPR on the cell membrane and 
contains a reporter gene with CRE located upstream of the 5' end) , 
a similar test is carried out using a cell for control (for example , 
a cell which contains a reporter gene with CRE located upstream 

30 of the 5' end but does not express SALPR on the cell membrane) . 
As a result, the cell for screening and the cell for control show 
the same phenomenon regarding the amount of expression of the 
reporter gene product when the action by the above-mentioned test 
substance is not due to the binding to SALPR, while the cell for 

35 screening and the cell for control show different phenomena 
regarding the amount of expression of the reporter gene product 
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when the action by the above-mentioned test substance is due to 
the binding to SALPR. 

Further, in another embodiment , a test substance 
influencing body weight control can be confirmed and determined 
5 by administering the test substance selectedby the above-mentioned 
screening method to humans or organisms other than humans [for 
example, non -human mammals (e.g. , cattle, monkeys, poultry, cats, 
mice rats, hamsters, pigs, canines) , birds, reptiles, amphibians, 
fish, and insects] andmeasuring the amount of feeding, body weight, 
10 and indices of obesity (for example, percent body fat, BMI (body 
mass index) , degree of obesity, body habitus, physical age, 
impedance, body fat weight, fat free mass, body water mass, body 
protein mass, muscle mass, inorganic mass, body cellular mass, 
muscle mass by the region of the body, water mass by the region 
15 of the body, BMR (basal metabolic rate) , energy requirement, 
visceral-subcutaneous fat ratio (VSR) , visceral fat weight, 
subcutaneous fat weight, visceral fat weight level, organ weight, 
changes in blood parameters, and the amounts of leptin, glucose, 
lipid, hormones, secretory peptides in the blood) after 
20 administration. The above-mentioned mammals are not limited to 
normal animals, but can also be genetic mutant animal models for 
disease (for example, morbid obesity models such as ob/ob mice, 
db/dbmice, and Zucker fatty rats) and genetically modified animal s . 
The test substance can be administered either orally or 
2 5 parenterally . Examples of the parenteral route include intravenous , 
intraarterial , subcutaneous , intraperitoneal , intratracheal , 
intrarectal, and intracerebral administrations, preferably 
administration into the cerebroventricle near the hypothalamus. 
As the indices for the screening, for example, the amount of feeding 
30 and indices of obesity as well as body weight can be effectively 
measured. Further, uponadministration, conditions such as fasting, 
satiation, and excessive fat diet can be added. 

The test substance can be administered in a single or divided 
dose per day and the administration or observation period can 
35 be from one day to several weeks. 

Method of screening for compounds involved in obesity control 
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using relaxin-3 receptor 

As a relaxin-3 receptor to be used in the present invention , 
among various receptors, a receptor which has an ability to bind 
relaxin-3 and exhibits various cell -stimulating activities of 
5 the relaxin-3 receptor expressing cell (e.g., intracellular 
calcium release, adenylyl cyclase activation, intracellular cAMP 
production, intracellular cGMP production, inositol phospholipid 
production, electrical potential change in the cell membrane, 
pH change in the vicinity of the cell membrane, phosphorylation 

10 of intracellular proteins, c-fos andc-jun induction/activation, 
arachidonic acid release) can be used. 

More specif ically , as a relaxin-3 receptor, a reported known 
receptor, for example, LGR7 (GenBank Accession No. NMJ321634) , 
SALPR (GenBank Accession No. NM_016568, also called GPCR135) , 

15 or GPR100 (GenBank Accession No. AB_083593, also called hGPCRll 
or GPCR142) can be used. Further, a partial polypeptide of these 
receptors is not particularly limited as long as it is usable 
in the screening method described later and a partial polypeptide 
having a binding ability to relaxin-3, a partial polypeptide 

20 comprising an amino acid sequence corresponding to the outside 
region of the cell membrane or the like can also be used. 

The content of the present invention will be explained in 
detail below in this specification , referring to a screening method 
using SALPRas apref erred exampleof the present invention. Namely, 

25 the present invention is to provide a method of screening for 
a compound which binds to SALPR or its partial polypeptide and 
is involved in the control of obesity (stimulation or suppression 
of obesity) . Further, whether a substance has an activity to 
stimulate or suppress obesity can be determined by allowing the 

30 test substance to act on SALPR or its partial polypeptide and 
measuring cell-stimulating activities. 

SALPR or its partial polypeptide can be obtained by various 
known methods; for example, it can be prepared by a known genetic 
engineering method using a polynucleotide encoding SALPR (GenBank 

35 Accession No. NM_016568) . In another embodiment, it can be obtained 
by a known polypeptide synthesis method , such as an ordinary method , 
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e.g., a liquid phase method or solid phase method; an 
autosynthesizer can generally be used. Further , in another 
embodiment, a partial polypeptide of SALPR can be prepared by 
cleaving SALPR with an appropriate proteolytic enzyme. 
5 The polypeptide encoding SALPR to be used in the present 

invention means a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4, a modified polypeptide functionally 
equivalent to a polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4, or a polypeptide which comprises 

10 an amino acid sequence having 70% or more, preferably 80% or more, 
more preferably 85% ormore, further preferably 90% ormore, further 
more preferably 95% or more, particularly preferably 98% or more, 
and most preferably 99% ormore, homology to the amino acid sequence 
represented by SEQ ID NO: 4 and exhibits substantially the same 

15 activities as relaxin-3 (for example, a binding ability to 
relaxin-3 and various cell-stimulating activities associated with 
the binding, or obesity controlling effect) . 

Here, the modified polypeptide functionally equivalent to 
a polypeptide comprising the amino acid sequence represented by 

20 SEQ ID NO: 4 means a polypeptide which comprises an amino acid 
sequence having one or more deletions, substitutions, insertions 
and/or additions of one or more (preferably one or several) amino 
acids in the polypeptide comprising the amino acid sequence 
represented by SEQ ID NO: 4 and exhibits substantially the same 

25 activities as SALPR (for example, a binding ability to relaxin-3 
and various cell -stimulating activities associated with the 
binding, or obesity controlling effects) . 

Further, a partial polypeptide of SALPR can also be used 
as long as it has subs tan ti ally the same activities as SALPR (for 

30 example, a binding ability to relaxin-3 and various 
cell-stimulating activities associated with the binding, or an 
obesity controlling activity) . 

The genetic engineering method will be explained in detail 
more specif ically using SALPR below; however, its partial peptide 

35 can also be used as long as it is usable in the screening method 
described later. 



48 

A polynucleotide encoding SALPR is introduced into an 
appropriate host cell, the resulting transformant is cultured 
under the conditions for enabling the expression, then a 
polypeptide of interest can be isolated and purified from the 
5 culture by a method generally used for isolation and purification 
of an expressed protein, and thus SALPR is prepared. Examples 
of the method for the above-mentioned isolation and purification 
include ammonium sulphate salting-out, ion-exchange column 
chromatography using an ion -exchange cellulose , molecular sieving 

10 column chromatography using a molecular sieving gel, affinity 
column chromatography using a protein-A binding polysaccharide, 
dialysis and lyophilization. 

A polynucleotide encoding SALPR to be used in the present 
invention is not particularly limited as long as it is a 

15 polynucleotide encoding a polypeptide to be used in the present 
invention . 

The term "polynucleotide" as used herein includes both DNA 
and RNA. More specifically, the polynucleotide used in the present 
invention is selected from the group consisting of the following 
20 (a) to (e) : 

(a) a polynucleotide comprising the base sequence represented 
by SEQ ID NO: 3; 

(b) a polynucleotide encoding "a polypeptide comprising the amino 
acid sequence represented by SEQ ID NO: 4"; 

25 (c) a polynucleotide encoding "a polypeptide which comprises the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
substantially the same activities as the above-mentioned SALPR" ; 
(d) a polynucleotide encoding "a polypeptide which comprises an 
amino acid sequence having deletions, substitutions, insertions 

30 and/or additions of one or more (preferably one or several) amino 
acids at one or more (preferably one or several) sites of the 
amino acid sequence represented by SEQ ID NO: 4 and exhibits 
substantially the same activities as the above-mentioned SALPR" ; 
and 

35 (e) a polynucleotide which hybridizes with a polynucleotide 
comprising the base sequence represented by SEQ ID NO: 3 under 
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stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 

According to one embodiment of the present invention, the 
polynucleotide to be used in the present invention is a 
5 polynucleotide comprising the base sequence represented by SEQ 
ID NO: 3. The above-mentioned polynucleotide represented by SEQ 
ID NO: 3 encodes SALPR comprising the amino acid sequence 
represented by SEQ ID NO: 4. 

According to another embodiment of the present invention, 

10 the polynucleotide to be used in the present invention is a 
polynucleotide encoding "a polypeptide which comprises an amino 
acid sequence having deletions, substitutions, insertion and/or 
additions of one or more (preferably one or several) amino acids 
at one or more (preferably one or several) sites of the amino 

1 5 acid sequence representedby SEQ ID NO : 4 and exhibits substantially 
the same activities as the above-mentioned SALPR. " Here the number 
of amino acid residues which can be deleted, substituted, inserted 
and/or added is, for example, 1 to 30, preferably 1 to 20, more 
preferably 1 to 10, further more preferably 1 to 5, and most 

20 preferably 1 to 2 . 

According to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 
is a polynucleotide which hybridizes with a polynucleotide 
comprising the base sequence represented by SEQ ID NO: 3 under 

25 stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 
Further, according to still another embodiment of the present 
invention, the polynucleotide to be used in the present invention 
is a polynucleotide which hybridizes with a polynucleotide 

30 comprising the base sequence represented by SEQ ID NO: 3 under 
stringent conditions and encodes a polypeptide which exhibits 
substantially the same activities as the above-mentioned SALPR. 

Aplasmid to be used in the above-mentioned transformation 
is not particularly limited as long as it contains a polynucleotide 

35 encoding the above-mentioned SALPR; forexample, it can be obtained 
by inserting said polynucleotide into a known expression vector 
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appropriately selected depending on a host cell used. 

The above-mentioned transformant is also not particularly 
limited as long as it contains a polynucleotide encoding the 
above-mentioned SALPR; for example, it can be a transformant in 
5 which said polynucleotide is incorporated into a chromosome of 
the host cell , a transformant which contains said polynucleotide 
in the form of a plasmid, or a transformant which does not express 
SALPR. Said transformant can be obtained, for example, by 
transforming a desired host cell with the above-mentioned plasmid 

10 or the above-mentioned polynucleotide itself. 

Examples of the above-mentioned host cell include generally 
used known microorganisms such as Escherichia coli (e.g. , E . coli 
JM109) and yeasts (e.g., Saccharomyces cerevisiae W303) and known 
culture cells such as animal cells (e.g., CHO cells , HEK-293 cells , 

15 COS cells) and insect cells (e.g., BmN4 cells). 

Examples of the above-mentioned expression vector include 
pUC, pTV, pGEX, pKK, and pTrcHis for E. coli ; pEMBLY and pYES2 
for yeasts; pcDNA3, pMAMneo and pBabe Puro for CHO cells, HEK-293 
cells and COS cells; and a vector having the polyhedrin promoter 

20 of Borribyx mori nuclear polyhedrosis virus (BrriNPV) (e.g. , pBK283) 
for BmN4 cells. 

A cell containing SALPR is not particularly limited as long 
as it expresses SALPR on the surface of the cell membrane and 
can be obtained, for example, by culturing the above-mentioned 

25 transformant (namely, the cell transformed with a plasmid 
containing a polynucleotide encoding SALPR) under the conditions 
enabling the expression of SALPR, or by injecting RNA encoding 
SALPR into an appropriate cell and cul turing it under the condi tions 
enabling the expression of SALPR. 

30 A cell membrane fraction containing SALPR to be used in 

the present invention can be obtained, for example, by disrupting 
the cells expressing SALPR according to the present invention 
and then isolating a fraction rich in the cell membrane. Examples 
of the method of disrupting the cells include a method of disrupting 

35 the cells using a homogenizer (e.g. , a Potter-Elvehiem-type 
homogenizer) , disruption by a Waring blender or Polytron 
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(Kinematica) , ultrasonic disruption, and disruption by ejecting 
the cells from a fine nozzle under pressure using a French press 
or the like. Further, examples of the method for fractionating 
the cell membrane include a f ractionationmethodbycentrif ugation , 
such as differential centrifugation and density gradient 
centrif ugation . 

In a method of screening for a compound which stimulates 
or suppresses obesity via SALPR according to the present invention , 
SALPR, the above-mentioned cell membrane fraction (namely, a cell 
membrane fraction containing SALPR) or the above-mentioned cell 
(or the cell containing SALPR) can be used. 

Further, a screening method according to the present 
invention includes and utilizes a method of examining whether 
a test substance binds specifically to SALPR and a method of 
examining cell -stimulating activities generated by the binding 
of the test substance to SALPR (for example, intracellular calcium 
release, adenylyl cyclase activation, intracellular cAMP 
production, intracellular cGMP production, inositol phospholipid 
production, electrical potential change in the cell membrane, 
pH change in the vicinity of the cell membrane, phosphorylation 
of intracellular proteins , c-fos and c-jun induction/activation, 
and arachidonic acid release) . 

In the screening method according to the present invention , 
for example, SALPR, the above-mentioned cell membrane fraction 
or the above-mentioned cell is contacted with a test substance 
to analyze whether SALPR, the above-mentioned cell membrane 
fraction, or the above-mentioned cell binds to the test substance, 
and thus the screening for the compound can be achieved without 
distinction between obesity stimulating and suppressing abilities 
via SALPR. 

Specifically, in the presence or absence of the test 
substance, SALPR, the above-mentioned cell membrane fraction or 
the above-mentioned cell is contacted with a labeled natural ligand 
(namely relaxin-3) to compare the amount of specific binding of 
the above-mentioned natural ligand via SALPR, the above-mentioned 
cell membrane fraction or the above-mentioned cell, and thus the 
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screening for the compound can be achieved without distinction 
between obesity stimulating and suppressing abilities via SALPR. 
Namely, when the above-mentioned test substance has obesity 
stimulating or suppressing abilities via SALPR, the amount of 
specific binding of the natural ligand via SALPR, the 
above-mentioned cell membrane fraction or the above-mentioned 
cell in the presence of the test substance decreases as compared 
to the corresponding amount of the specific binding in the absence 
of the test substance. 

In the screening method according to the present invention, 
when the amount of specific binding of the natural ligand via 
SALPR, the above-mentioned cell membrane fraction or the 
above-mentioned cell is compared, a labeled natural ligand can 
be used as the above-mentioned natural ligand. For the 
above-mentioned labeling, a radioactive isotope, an enzyme, a 
fluorescent substance, a luminescent substance and the like can 
be used. Examples of the radioactive isotope include E 3 !!] , [ 14 C] , 
[ 125 I] , and [^S] . Examples of the enzyme include p-galactosidase , 
alkaline phosphatase, and peroxidase . Examples of the fluorescent 
substance include fluorescein isothiocyanate andBODIPY . Examples 
of the luminescent substance include luciferin and lucigenin. 
Occasionally, the biotin-avidin system can be used for binding 
of the natural ligand and the labeling substance. 

Thus, the screening method according to the present 
invention can screen for a compound which binds to SALPR, the 
above-mentioned cell membrane fraction or the above-mentioned 
cell to inhibit their binding to the natural ligand, without 
distinction between obesity stimulating and suppressing abilities 
via SALPR. 

In another embodiment of the screening method according 
to the present invention, the above-mentioned cell is contacted 
with a labeled natural ligand (namely relaxin-3) under conditions 
in the presence or absence of a test substance to compare the 
amount of specific binding of the above-mentioned natural ligand 
via the above-mentioned cell under the above-mentioned conditions 
and then further compare a specific cell -stimulating activity 
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of the above-mentioned natural ligand under these conditions, 
thereby enabling the screening for a compound with distinction 
between obesity stimulating and suppressing abilities via SALPR. 

In the above-mentioned embodiment, a substance which binds 
5 to the above-mentioned cell and exhibits the cell-stimulating 
activity via a receptor contained in the above-mentioned cell 
can be selected as a compound which stimulates obesity via SALPR. 

On the other hand, in the above-mentioned embodiment, a 
test substance which inhibits binding of the above-mentioned cell 
10 and the natural ligand but does not exhibit the cell -stimulating 
activity can be selected as a compound which suppresses obesity 
via SALPR. 

The screening method according to the present invention 
can be carried out using, for example, suppression of adenylyl 

15 cyclase activity as a cell -stimulating activity. 

In the screening method of this embodiment, for example, 
cAMP produced in a cell by the activation of adenylyl cyclase 
can be measured using a known method , thereby enabling the screening 
for a compound with distinction between obesity stimulating and 

20 suppressing abilities via SALPR. This embodiment utilizes 
intracellular signal transmission generated by the binding of 
the natural ligand to SALPR, namely, the suppression of adenylyl 
cyclase activity which is one of cell -stimulating activities of 
SALPR. Specifically, when the natural ligand binds to SALPR, a 

25 Gi family that is a member of G protein family coupled with SALPR 
suppresses adenylyl cyclase to decrease the amount of cyclic AMP 
(cAMP, produced from ATP by adenylyl cyclase) produced in the 
cell. 

For example , the intracellular cAMP concentration increases 
30 when an adenylyl cyclase-activating agent [suchasforskolin (FSK) ] 
is added to mammal -derived cells (for example, HEK-293 cells or 
CHO cells) in which SALPR is expressed on the cell membrane 
(preferably, excessively expressed by introducing an expression 
vector containing SALPR) . 
3 5 Further , when a natural ligand of SALPR is added upon adding 

an adenylyl cyclase-activating agent, adenylyl cyclase activity 
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suppression also occurs due to the action of the above-mentioned 
natural ligand on SALPR according to the present invention , in 
addition to the above-mentioned adenylyl cyclase activity 
stimulation due to the adenylyl cyclase-activating agent, which 
5 results in a decrease in the cAMP production as compared to the 
case where the adenylyl cyclase activating agent alone is added. 
Therefore, when the screening is carried out for a compound having 
obesity stimulating activity, a compound which decreases the cAMP 
production (namely having the same activity as the natural ligand) 

10 can be selected by contacting the test substance alone, in place 
of the natural ligand which acts via SALPR in this screening system* 
When the screening is carried out for a compound having 
obesity suppressing activity , an adenylyl cyclase activating agent , 
a natural ligand of SALPR, and a test substance can be added to 

15 cells for screening. The cAMP production decreases due to the 
action of the natural ligand as compared to the case where the 
adenylyl cyclase activating agent alone is added; however, the 
decrease in the cAMP production is suppressed when the test 
substance antagonizes the action of the natural ligand. In this 

20 case, this test substance can be selected as a compound having 
obesity suppressing activity. 

As a method for measuring the amount of intracellular cAMP, 
an immunoassay or the like can be used; for example, a commercial 
kit for cAMP quantification can also be used. 

25 In another embodiment of the screening method, for example , 

screening for a compound can be achieved with distinction between 
obesity stimulating and suppressing abilities via SALPR, by using 
a cell (occasionally referred to as "screening cell" hereinafter) 
in which SALPR is expressed on the cell membrane (preferably 

30 excessively expressed by introducing an expression vector 
containing SALPR) and a reporter gene [for example, the alkaline 
phosphatase gene, the lucif erase gene, the (^-lactamase gene, the 
nitroreductase gene , the chloramphenicol acetyl transferase gene , 
the p-galactosidase gene, or a fluorescent protein gene such as 

35 GFP (green fluorescent protein) gene] having a cAMP responding 
element (CRE) located upstream of the 5' end is contained. This 
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embodiment utilizes the fact that the transcription of" the reporter 
gene which has the CRE introduced into the above-mentioned 
screening cell, in the promoter region is suppressed as a result 
of the decrease in the above-mentioned cAMP production. 
5 A process of screening for a compound with distinction 

between obesity stimulating and suppressing abilities via SALPR 
by the above-mentioned embodiment will be explained in more detail 
as follows. 

Namely, the CRE introduced into the above-mentioned 

10 screening cell is a base sequence commonly present in a 
transcription regulatory region of a group of genes (cAMP inducing 
genes) whose expression is accelerated when the intracellular 
cAMP concentration increases . Therefore , when an adenylyl cyclase 
activating agent (e.g., FSK) is added to a screening cell, the 

15 intracellular cAMP concentration increases, which results in an 
increase in the amount of expression of the reporter gene located 
in the downstream of the CRE . The amount of expression of a reporter 
gene product can be easily measured by measuring luminescence 
derived from a luminescent substance generated from a substance 

20 reacted with the reporter gene product or fluorescence derived 
from a fluorescent protein produced as the reporter gene product . 

Further , when a natural ligand of SALPR is added upon adding 
an adenylyl cyclase-activating agent, adenylyl cyclase activity 
suppression also occurs due to the action of the above-mentioned 

25 natural ligand on SALPR according to the present invention, in 
addition to the above-mentioned adenylyl cyclase activity 
stimulation due to the adenylyl cyclase-activating agent, which 
results in a decrease in the amount of the expression of the reporter 
gene product as compared to the case where the adenylyl cyclase 

30 activating agent alone is added. Therefore, if the screening is 
for a compound exhibiting obesity stimulating activity, a compound 
which decreases the expression of the reporter gene product (namely 
having the same activity as the natural ligand) can be selected 
by contacting the test substance alone, in place of the natural 

35 ligand which acts via SALPR in this screening system. 

When the screening is carried out for a compound having 
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obesity suppressing activity, anadenylyl cyclase activating agent, 
a natural ligand of SALPR, and a test substance can be added to 
a screening cell . The amount of expression of the reporter gene 
product decreases due to the action of the natural ligand as compared 
5 to the case where the adenylyl cyclase activating agent alone 
is added; however, the decrease in the amount of expression of 
the reporter gene product is suppressed when the test substance 
antagonizes the action of the natural ligand- In this case, the 
test substance can be selected as a compound having obesity 

10 suppressing activity. 

Whether the action by a test substance is due to the action 
through the binding to SALPR can be easily confirmed. For example , 
in parallel with the above-mentioned test using a screening cell 
(namely, a cell which expresses SALPR on the cell membrane and 

15 contains a reporter gene with CRE located upstream of the 5' end) , 
a similar test is carried out using a cell for control (for example , 
a cell which contains a reporter gene with CRE located upstream 
of the 5' end but does not express SALPR on the cell membrane) . 
As a result, the cell for screening and the cell for control show 

20 the same phenomenon regarding the amount of expression of the 
reporter gene product when the action by the above-mentioned test 
substance is not due to the binding to SALPR, while the cell for 
screening and the cell for control show different phenomena 
regarding the amount of expression of the reporter gene product 

25 when the action by the above-mentioned test substance is due to 
the binding to SALPR. 

Further, in another embodiment, a test substance 
influencing activity causing obesity can be confirmed and 
determined by administering the test substance selected by the 

30 above-mentioned screening method to humans or organisms other 
thanhumans [for example, non-human mammals (e.g. , cattle , monkeys , 
poultry, cats , mice rats , hamsters , pigs , canines) , birds , reptiles , 
amphibians, fish, andinsects] andmeasuring the amount of feeding, 
body weight, and indices of obesity (for example, percent body 

35 fat, EMI (body mass index)) , degree of obesity, body habitus, 
physical age, impedance, body fat weight, fat free mass, body 
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water mass, body protein mass, muscle mass, inorganic mass , tody 
cellular mass, muscle mass by the region of the body, water mass 
by the region of the body, BMR (basal metabolic rate) , energy 
requirement, visceral -subcutaneous fat ratio (VSR) , visceral fat 
weight, subcutaneous fat weight, visceral fat weight level , organ 
weight, changes in blood parameters, and the amounts of leptin, 
glucose, lipid, hormones, secretory peptides in the blood) after 
administration. The above-mentioned mammals are not limited to 
normal animals, but can also be genetic mutant animal models for 
disease (for example, morbid obesity models such as ob/ob mice, 
db/dbmice, and Zucker fatty rats) and geneticallymodif ied animals . 
The test substance can be administered either orally or 
parenterally . Examples of the parenteral route include intravenous , 
intraarterial , subcutaneous , intraperi toneal , intratracheal , 
intrarectal, and intracerebral administration, preferably 
administration into the cerebroventricle near the hypothalamus. 
As the indices for the screening, for example, the amount of feeding 
and body weight as well as indices of obesity can be effectively 
measured. Further, upon administration, conditions such as fasting, 
satiation, and excessive fat diet can be added. 

The test substance can be administered in a single or divided 
dose per day and the administration or observation period can 
be from one day to several weeks. 

Here, a test substance to be used in the present invention 
can be any compound and can be, for example, an expression product 
of gene library, a synthetic low molecular compound library, 
nucleic acid (oligo DNA, oligo RNA) , a synthetic peptide library, 
an antibody, a bacterial releasing substance, a fluid extract 
of cells (microorganisms, plant cells, or animal cells) , a culture 
supernatant of cells (microorganisms, plant cells, animal cells) , 
a purified or partially purified polypeptide, an extract derived 
from a marine organism, plant or animal, soil, or a random phage 
peptide display library. 
Screening kit 

A screening kit of the present invention contains a relaxin-3 
receptor, preferably SALPR or the above-mentioned cell membrane 
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fraction (i.e. , a cell membrane fraction containing SALPR) , or 
the above-mentioned cell (i.e., a cell containing SALPR). The 
above-mentioned screening ki t may further contain various reagents , 
such as label edrelaxin-3, non-label edrelaxin-3, abuffer solution 
5 for binding reaction, and/or a buffer solution for washing, an 
instruction, and impl ements, if necessary. 

Specifically, the above-mentioned screening kit contains 
SALPR, the above-mentioned cell membrane fraction, or the 
above-mentioned cell and may contain a labeled natural ligand 
10 (i.e. , relaxin-3) , a non-labeled natural ligand, and/or a buffer 
solution for binding reaction, an instruction, and inpl ements, 
if necessary. 

A screening kit of another embodiment of the present 
invention comprises a cell which expresses a relaxin-3 receptor, 

15 preferably SALPR, on the cell membrane (preferably expresses 
excessively by introducing an expression vector containing SALPR) 
and moreover contains a reporter gene with a cAMP responding element 
(CRE) located upstream of the 5' end, and if necessary, may comprise 
a substrate for alkaline phosphatase, lucif erase or the like, 

20 an adenylyl cyclase activating agent (e.g., FSK) , a natural ligand 
(i.e., relaxin-3) , and/or a buffer solution for binding reaction, 
an instruction, and implements. 

A screening kit of further another embodiment of the present 
invention comprises a cell which expresses a relaxin-3 receptor, 

25 preferably SALPR, on the cell membrane (preferably expresses 
excessively by introducing an expression vector containing SALPR) 
andmoreover contains a reporter gene with a cAMP responding element 
(CRE) located upstream of the 5' end and a cell which contains 
a reporter gene with a CRE located upstream of the 5' end but 

30 does not express SALPR on the cell membrane and if necessary, 
may comprise a substrate of a reporter gene product, an adenylyl 
cyclase activating agent (e.g., FSK) , and/or a buffer solution 
for binding reaction, an instruction, and implements. 
Medicine containing a compound obtained by the screening method 

35 of the present invention 

A compound obtained by the screening method of the present 
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invention is a compound which stimulates or suppresses feeding, 
a compound which increases or decreases body weight, or a compound 
which stimulates or suppresses obesity. Said compound can be in 
the form of a salt, for example, a pharmaceutical ly acceptable 
5 salt. Accordingly, a compound obtained by the screening method 
of the present invention, or its salt, can be used as a medicine 
for the treatment of diseases caused by some abnormalities in 
feeding (or appetite) control, diseases caused by some 
abnormalities in controlling body weight, diseases caused by some 

10 abnormalities in controlling obesity, and diseases caused by 
abnormalities in relaxin-3 or a polynucleotide encoding relaxin-3 . 
Further, it can be used as a therapeutic medicine for the purpose 
of recovering feeding (or appetite) and/or body weight which is 
increased or decreased due to onset of various diseases or treatment 

15 of various diseases (for example, during or after an operation) . 
Examples of the above-mentioned diseases include diseases involved 
in the movement or function of the alimentary tract (for example, 
diarrhea, constipation, functional constipation, hypersensitive 
intestinal syndrome, and conditions which require defecation 

20 stimulation to remove intestinal contents upon alimentary canal 
examination or before or after an operation) , diseases involved 
in controlling immune functions (for example, chronic rheumatoid 
arthritis, systemic erythema todes , kidney diseases, scleroderma, 
atopic dermatitis, bronchial asthma, multiple sclerosis, 

25 rheuma tic interstitial pneumonia, sarcoidosis, Crohn' s disease, 
inflammatory colitis, liver cirrhosis, chronic hepatitis, 
fulminant hepatitis , encephalomyelitis, and myasthenia gravis) , 
diseases involved in energy metabolisms (for example, diabetes, 
obese diabetes, abnormalities in glucose tolerance, ketosis, 

30 acidosis, diabetic neuropathy, diabetic nephropathy, diabetic 
retinopathy, hyper lipidemia, arteriosclerosis, cardiac angina, 
myocardial infarction, obesity, morbid obesity, feeding di sorder s , 
and anorexia) , AIDS, cancers, and cachexia. 

According to the screening method of the present invention, 

35 there is provided a compound having an activity to inhibit 
cell-stimulating activities via a relaxin-3 receptor, preferably 



60 



SALPR or its partial polypeptide (SALPR-inhibiting activity) , 
more specifically, cell-stimulating activities caused by the 
binding of a natural ligand to SALPR or its partial polypeptide 
(for example, intracellular calcium release, adenylyl cyclase 
activation, intracellular cAMP production, intracellular cGMP 
production, inositol phospholipid production, electrical 
potential change in the cell membrane, pH change in the vicinity 
of the cell membrane, phosphorylation of intracellular proteins, 
c-fos and c-jun induction/activation, and arachidonic acid 
release) . Examples of the medicine containing such a compound 
include feeding-suppressing agents , body weight-reducing agents , 
fat-reducing agents, therapeutic agents for the treatment of 
obesity, and therapeutic agents for the treatment of diabetes. 

The compound thus obtained or its salt can be used alone; 
however, it can also be used as a pharmaceutical composition by 
admixing with a pharmaceutically acceptable carrier. The 
percentage of the active ingredient in the carrier can vary between 
1 to 90% by weight. The above-men tionedmedi cine can be administered 
in various forms either orally or parenterally (for example, 
intravenous, intramuscular, subcutaneous , rectal, and dermal 
administrations) to humans or organisms other than humans [for 
example, non-human mammal s (e.g. , cattle, monkeys, poultry, cats, 
mice, rats, hamsters, pigs, canines) , birds, reptiles, amphibians, 
fish, and insects] . Accordingly, the pharmaceutical composition 
containing a compound obtained by the present invention or its 
salt is prepared into an appropriate form depending on the 
administration route. Specifically, it can be formulated into 
oral formulations such as tablets , capsules , granules , dispersible 
powders and syrups or parenteral formulations such as injections, 
intravenous drips, liposome compositions , and suppositories. 
These formulations can be manufactured by an ordinary method using 
commonly used excipi en ts, fillers, binding agents, wetting agents, 
disintegrating agents, surfactants, lubricants, dispersing 
agents, buffering agents, preservatives, solubilizing agents, 
antiseptics, flavoring agents, analgesic agents, stabilizers, 
and the like . Examples of the above-mentioned non- toxic additives 
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to be used include lactose, fructose, glucose, starch, gelatin, 
magnesium stearate, methyl cellulose or its salts, ethanol, citric 
acid, sodium chloride, and sodium phosphate. 

Their form and amount of the administration depend on the 
selection of the compound obtained by the screening method of 
the present invention or its salt, the subject to be administered, 
the administration route, properties of the preparation, 
conditions of the patient, and physician's judgment. However, 
the appropriate dose per 1 kg of patient's body weight ranges, 
for example, from about 1.0 to 1,500 \ig, preferably from about 
10 to 500 ng. The amount of necessary dosage is expected to vary 
widely considering that the efficiency is different depending 
on the route of administration. For example, the dose required 
for oral administration is expected to be higher than that for 
intravenous injection. Such variations in the dose level can be 
adjusted using a standard empirical optimizing procedure well 
understood in the art. 

Substance inhibiting activity of relaxin-3 and its use 

A substance which inhibits the activity of relaxin-3 used 
in the present invention (i.e. , relaxin-3, a modified polypeptide, 
or a homologous polypeptide) can suppress or inhibit feeding 
stimulation, body weight gain, and obesity. Accordingly, a 
substance which inhibits the expression of relaxin-3 has a 
potential to be used for controlling functions associated with 
feeding-control and body weight control (e.g., energy metabolism 
control, growth) and obesity, in vivo, ex vivo, and in vitro, 
by relaxin-3. 

The substance which inhibits the activity of relaxin-3 used 
in the present invention is not particularly limited as long as 
it has the above-mentioned activity and can be, for example, a 
substance which inhibits the expression of relaxin-3, such as 
a DNA having an an ti sense sequence of a base sequence encoding 
relaxin-3 , a double stranded RNA having a base sequence encoding 
relaxin-3 (small interfering RNA (siRNA) ) or a ribozyme; or a 
substance which interacts with relaxin-3 or a relaxin-3 receptor 
(preferably SALPR) to inhibit the activity of relaxin-3, such 
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as a relaxin-3 antibody, a glycoprotein, or a compound obtained 
by the above-mentioned screening method. 

The above-mentioned substance can be in the form of a salt, 
for example, a pharmaceutical ly acceptable salt. Accordingly, 
5 a substance which inhibits the activity of relaxin-3 (i.e., 
relaxin-3, a modified polypeptide , or a homologous polypeptide) 
or its salt can be used as a medicine for the treatment of diseases 
caused by some abnormalities in feeding (or appetite) control, 
diseases caused by some abnormalities in controlling body weight, 

10 diseases caused by some abnormalities in controlling obesity, 
and diseases caused by abnormalities in relaxin-3 or a 
polynucleotide encoding relaxin-3. Further, it can be used as 
a therapeutic medicine for the purpose of reducing feeding (or 
appetite) and/or body weight which is increased due to onset of 

15 diseases or treatment of diseases (for example, during or after 
an operation) . Examples of the above-mentioned diseases include 
diseases involved in the movement or function of the alimentary 
tract (e.g., diarrhea, constipation, functional constipation, 
hypersensitive intestinal syndrome, and conditions which require 

20 defecation stimulation to remove intestinal contents upon 
alimentary tract examination or before or after an operation) , 
diseases involved in controlling immune functions (for example, 
chronic rheumatoid arthritis, systemic erythema todes , kidney 
diseases, scleroderma, atopic dermatitis, bronchial asthma, 

25 multiple sclerosis, rheumatic interstitial pneumonia, 
sarcoidosis, Crohn's disease, inflammatory colitis, liver 
cirrhosis, chronic hepatitis, fulminant hepatitis, 
encephalomyelitis, and myastheni a gravis) , and diseases involved 
in energy metabolisms (for example, diabetes, obese diabetes, 

30 abnormalities in glucose tolerance, ketosis, acidosis, diabetic 
neuropathy, diabetic nephropathy, diabetic retinopathy, 
hyperlipidemia, arteriosclerosis, cardiac angina, myocardial 
infarction, obesity, morbid obesity, and feeding disorders) . 
Preferably, it can be used as a feeding-controlling agent, a body 

35 weight -reducing agent, a fat-reducing agent, a therapeutic agent 
for the treatment of obesity, or a therapeutic agent for the 
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treatment of diabetes. 

The mechanisms in which an an ti sense nucleic acid suppresses 
the expression of a target gene are, for example, (1) inhibition 
of transcription initiation by triple stranded chain formation, 
5 (2) suppression of transcription by hybrid formation at the site 
of local open loop structure formed by RNA polymerase, (3) 
inhibition of transcription by hybrid formation with RNA being 
synthesized, (4) suppression of splicing by hybrid formation at 
an intron-exon junction, (5) suppression of splicing by hybrid 

10 formation at the site of spliceosome formation, (6) suppression 
of transfer of mRNA into the cytoplasm by hybrid formation with 
the mRNA, (7) suppression of splicing by hybrid formation at the 
capping site or the poly-A addition site, (8) suppression of 
translation initiation by hybrid formation at the translation 

15 initiation factor binding site, (9) suppression of translation 
by hybrid formation at the ribosome binding site, (10) suppression 
of peptide chain elongation by hybrid formation at the mRNA 
translation region or the polysome binding site, and (11) 
suppression of gene expression by hybrid formation at the nucleic 

20 acid/protein interaction site (New Experimental Course of 
Biochemistry 2 , Nucleic Acid IV, Gene Replication and Expression , 
by Hirashima and Inoue, compiled by the Japanese Biochemical 
Society, Tokyo Kagaku Dojin, pp. 319-347, 1993) . 

The antisense nucleic acid of relaxin-3 to be used in the 

25 present invention can be any nucleic acid which suppresses gene 
expression by any of the above-mentioned mechanisms (1) to (11) . 
Namely, it cam contain not only a translation region of a gene 
to inhibit expression but also an antisense sequence to a sequence 
of a non-translation region. DNA encoding the antisense nucleic 

30 acid can be used by connecting it with an appropriate regulating 
sequence to enable its expression. The antisense nucleic acid 
is not necessarily completely complementary to the translation 
region or non-translation region of a target gene as long as it 
effectively inhibits the expression of the target gene. Such 

35 antisense nucleic acid is at least 15 bp or more, preferably 100 
bp or more, more preferably 500 bp or more, and generally has 
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a chain length of 3000 bp or less, preferably 2000 bp or less, 
more preferably 1000 bp or less, and a homology of preferably 
90% or more, more preferably 95% or more, to the complementary 
chain of the transcription product of the target gene. Such 
5 an ti sense nucleic acid can be prepared based on the relaxin-3 
sequence information using the phosphorothioate method (Stein 
(1988) Nucleic Acids Res. 16: 3209-21) or the like. 

Ribozyme is the general term for catalysts composed of RNA 
and can be loosely divided into large ribozymes and small ribozymes . 

10 The large ribozymes are enzymes which cleave phosphodiester bonds 
of nucleic acid to leave 5' -phosphate and 3' -hydroxyl groups at 
the reaction sites after the reaction. The large ribozymes are 
further classified into (1) group I intron RNAs which carry out 
a transesterif ication reaction at the 5 ' splice site by guanosine , 

15 (2) group II intron RNAs which self -splice by two step reactions 
via lariat structure, and (3) RNA. components of ribonuclease P 
which cleaves a tRNA precursor on the 5' side by hydrolysis. On 
the other hand, the small ribozymes are relatively small structure 
units (about 4 0 bp) and produce 5 ' -hydroxyl groups and 2 ' , 3 ' -cyclic 

20 phosphates by cleaving RNAs. Small ribozymes include 
hammerhead-type ribozymes (Koizumi et al. (1988) FEBS Lett. 228: 
225) , hairpin-type ribozymes (Buzayan (1986) Nature 323: 349; 
Kikuchi and Sasaki (1992) Nucleic Acids Res. 19: 6751; Hiroshi 
Kikuchi (1992) Kagaku to Seibutsu 30: 112) and the like. Since 

25 ribozymes canbeeasilymodif iedand synthesized, various improving 
methods are known. For example, a hammerhead- type ribozyme which 
recognizes and cleaves a base sequence UC, UU or UA in a target 
RNA can be created by designing the substrate binding site of 
a ribozyme to be complementary to an RNA sequence near the target 

30 site (Koizumi et al . (1988) FEBS Lett. 228: 225; Makoto Koizumi 
and Eiko Otsuka (1990) Tampakushitsu Kakusan Kdso 35: 2191; 
Koizumi et al. (1989) Nucleic Acids Res. 17: 7059) . Hairpin-type 
ribozymes can also be designed and produced according to known 
methods (Kikuchi and Sasaki (1992) Nucleic Acids Res. 19: 6751; 

35 Hiroshi Kikuchi (1992) Kagaku to Seibutsu 30: 112). 

In 1998, a phenomenon (RNA interference) in which RNAs 
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interfere with each other to lose their function in Caenorlv**yii tis 
elegance was observed (Fire et al. (1998) Nature 391: 806-11) . 
The RNA interference is a phenomenon in which RNA having the same 
base sequence is decomposed by introducing a double-stranded 
5 synthetic RNA into a cell. Later research suggested that RNA 
silencing phenomena such as RNA interference are cellular 
mechanisms to eliminate defective mRNAs and to defend against 
molecular parasites such as transposons and viruses. Today, 
double-stranded RNAs (small interfering RNAs ; siRNAs) areutilized 

10 as a tool to suppress expression of many genes and a method of 
treating or preventing diseases by controlling the expression 
of disease causative genes or the like using siRNA has been under 
study. The siRNA of the present invention is not particularly 
limited as long as it inhibits the transcription of mRNAof relaxin-3 . 

15 Generally, an siRNA is a combination of a sense strand and an 
antisense strand of a target mRNA and has a length of from at 
least 10 nucleotides to the same number of nucleotides as the 
target mRNA. The length is preferably 15 to 75, more preferably 
18 to 50, further more preferably 20 to 25 nucleotides. In order 

20 to suppress the expression of relaxin-3, siRNA can be introduced 
into a cell by a known method. For example, DNA encoding two RNA 
strands composing an siRNA on a single strand is designed and 
incorporated into am expression vector, a cell is transformed 
with the resulting expression vector, and thus the siRNA can be 

25 expressed in the cell as a double-stranded RNA having a hairpin 
structure . Plasmid expression vectors which continuously produce 
siRNAs by transfection have also been designed (For example, 
RNAi -Ready pSIREN Vector, RNAi -Ready pSIREN-RetroQ Vector (BD 
Biosciences Clontech) ) . Base sequences of siRNAs can be designed, 

30 for example, using a computer program on the Ambion website 
(http : ///www. ambion. com/ techlib/misc/siRNA_f inder.html) . Kits 
for screening for functional siRNAs and the like (for example, 
BD Knockout RNAi System (BD Biosciences Clontech) ) are also 
commercially available for use. 

35 In gene therapy to suppress intracellular gene expression 

in a patient, an antisense nucleic acid of the present invention, 



66 



a ribozyme and an siRNA can directly be administered into the 
tissue or a vector having a structure which is so constructed 
as to express these elements (for example, vi rus -derived vectors , 
such as retrovirus , adenovirus, andadeno-associated virus vectors 
and nonviral vectors, such as liposomes) can directly be 
administered into the tissue (in vivo method) . The administration 
can be performed by injection into the tissue site, for example, 
by intramuscular injection, subcutaneous injection, 
intraarterial injection, or intravenous injection. 

Alternatively , in advance , a vector having a structure which 
is so constructed as to express an antisense nucleic acid of the 
present invention , a ribozyme and an siRNA can be introduced into 
cells ex vivo . The cells thus obtained are injected into patient' s 
tissue, for example, by intramuscular injection, subcutaneous 
injection, intraarterial injection, or intravenous injection (ex 
vivo method) . The cells used can be heterologous or homologous, 
preferably homologous, with those of the patient, and more 
preferably cells taken from the patient. 

An antisense nucleic acid of the present invention, a 
ribozyme and an siRNA or any vector which is so constructed as 
to express these elements can be used alone; however, they can 
be admixed with a pharmaceutical ly acceptable carrier to be used 
as a pharmaceutical composition (e.g. , a feeding-suppressing agent, 
a therapeutic agent for the treatment of obesity, a therapeutic 
agent for the treatment of diabetes) . For example, when 
administered in the form of an injectable agent , the pharmaceutical 
composition can contain distilled water, a solution of a salt 
such as sodium chloride or a mixture of sodium chloride and an 
inorganic salt, a solution of a sugar such as mannitol, lactose, 
dextran, and glucose, a solution of an amino acid such as glycine 
and arginine, a mixed solution of an organic acid solution or 
a salt solution and a glucose solution, and the like. 

The amount of administration varies depending on the body 
weight and age of the patient, symptomatic conditions, the form 
of administration, and the like; however, the amount of dose can 
be appropriately selected by those skilled in the art. 
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Antibodies to be used in the present invention include 
monoclonal antibodies, polyclonal antibodies, and antibody 
fragments . 

A monoclonal antibody to be used in the present invention 
can be obtained by a known procedure except that relaxin-3 (namely , 
relaxin-3, a modified polypeptide, or a homologous polypeptide) 
or a partial fragment thereof is used as an antigen for immunization 
and an antigen for screening. For example, a mouse is immunized 
with the above-mentioned antibody for immunization, splenocytes 
obtained from the mouse and mouse myeloma cells are subjected 
to cell fusion by a cell fusion method (Nature, 256, 495 (1975) ) 
or an electric cell fusion method (J. Immunol. Method, 100, 181-189 
(1987)), the fused cells are subjected to screening using the 
above-mentioned antigen for screening, and thus a hybridoma for 
producing the monoclonal antibody to be used in the present 
invention can be obtained. 

As a medium to culture the above-mentioned hybridoma, any 
medium which is appropriate to culture the hybridoma, preferably 
a Dulbecco's modified Eagle's minimum essential medium 
supplemented with fetal calf serum, L-glutamine, L -pyruvic acid 
and antibiotics (penicillin G and streptomycin) , can be used. 
The above-mentioned hybridoma can be cultured in a medium in an 
atmosphere of 5% C0 2 at 37°C for about 3 days. Alternatively, it 
can be cultured intraperitoneal ly in a mouse for about 14 days. 

From the cul ture fluid or mouse abdominal fluid thus obtained , 
the above-mentioned monoclonal antibody can be isolated and 
purified by an ordinary protein isolation and purification method. 
Examples of such method include ammonium sulphate salting-out, 
ion-exchange column chromatography using ion-exchange cellulose , 
molecular sieving column chromatography using a molecular sieving 
gel, affinity column chromatography using a protein-A binding 
polysaccharide, dialysis and lyophilization . 

Further, a polyclonal antibody to be used in the present 
invention can also be prepared by a known procedure, for example, 
as described below, except that relaxin-3 (namely, relaxin-3, 
a modified polypeptide, or a homologous polypeptide) or a partial 
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fragment thereof is used as an antigen for immunization and an 
antigen for screening. Specifically, an emulsion of physiological 
saline containing an antigen mixed and emulsified with an equal 
amount of Freund' s complete adjuvant or incomplete adjuvant or 
5 an equivalent thereof such as Hunter' s TiterMax™ (Funakoshi) is 
administered to a mammal (particularly a rabbit or goat) either 
subcutaneously, intraperitoneally, or intramuscularly (primary 
immunization) . Thereafter, the immunization is carried out in 
the same manner several times at 2 to 4 weeks intervals . One to 
10 two weeks after the last immunization, the blood is taken from 
the carotid artery or heart of the mammal and the serum can be 
prepared by salting out with ammonium sulfate. 

An antibody fragment to be used in the present invention 
is a partial fragment of the above-mentioned antibody (including 
15 a monoclonal antibody and a polyclonal antibody) and not 
particularly limited as long as it has the same reaction specificity 
as the original antibody. Examples of the antibody fragment 
according to the present invention include Fab, Fab' , F(ab' ) 2 and 
Fv. An antibody fragment to be used in the present invention can 
20 be obtained, for example, by digesting the monoclonal antibody 
or polyclonal antibody obtained by the above-mentioned method 
using a proteolytic enzyme (e.g. , trypsin) according to an ordinary 
method and then subjecting the resulting product to an ordinary 
protein isolation and purification method. 
25 Further, according to another embodiment, an antibody to 

be used in the present invention can be obtained by the method 
described in WO 01/068862 and Japanese Patent Laid-open No. 
2002-345468 specification. Aknownrelaxin-3 antibody, for example, 
an antibody described in an example of Japanese Patent Laid-open 
30 No. 2002-345468 (monoclonal antibody HK4-144-10) , can also be 
used. 

An antibody to be used in the present invention can also 
be used as a pharmaceutical composition, such as a feeding (or 
appetite) suppressing agent, a therapeutic agent for the treatment 
35 of obesity, and a therapeutic agent for the treatment of diabetes . 
The antibody to be used in the present invention can be used as 
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a pharmaceutical composition by admixing with a pharmaceutical ly 
acceptable carrier. The percentage of the active ingredient in 
the carrier can vary between 1 to 90% by weight. Further, the 
above-mentioned medicine can be administered in various forms 
5 either orally or parenterally (for example, intravenous, 
intramuscular, subcutaneous, rectal, or dermal administration) 
to humans or organisms other than humans [for example, non -human 
mammals (e.g. , cattle, monkeys, poultry , cats, mice, rats, hamsters, 
pigs, canines) , birds, reptiles, amphibians, fish, and insects] . 
10 Accordingly, the pharmaceutical composition containing the 
antibody of the present invention is prepared into an appropriate 
form depending on the administration route. Specifically, it can 
be formulated into oral formulations such as tablets, capsules, 
granules, dispersible powders, and syrups or parenteral 
15 formulations such as injections, intravenous drips, liposome 
compositions, and suppositories. These pharmaceutical 
preparations can be manufactured by an ordinary method using 
commonly used excipients , fillers , binding agents , wetting agents , 
disintegrating agents, surfactants, lubricants, dispersing 
20 agents, buffering agents, preservatives, solubilizing agents, 
antiseptics, flavoring agents, analgesic agents, stabilizers, 
and the like. Examples of the above-mentioned non-toxic additives 
to be used include lactose, fructose, glucose, starch, gelatin, 
magnesium stearate, methyl cellulose or its salts, ethanol, citric 
25 acid, sodium chloride, and sodium phosphate. 

Their form and amount of the administration depend on the 
selection of the antibody, the subject to be administered, the 
routeof administration, properties of the preparation, conditions 
of thepatient, andphysician' s judgement. However, the appropriate 
30 dose per 1 kg of patient's body weight ranges, for example, from 
about 0 . 01 to 30 mg, preferably from about 0.1 tolOmg. The amount 
of necessary dosage is expected to vary widely considering that 
the efficiency is different depending on the route of 
administration. For example, the dose required for oral 
35 administration is expected to be higher than that for intravenous 
injection. Such variations in the dose level can be adjusted using 
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a standard empirical optimizing procedure well understood in the 
art. 

A substance which interacts with relaxin-3 or a relaxin-3 
receptor (preferably SALPR) and inhibits activities of relaxin-3 
5 can be obtained by a screening method of the present invention. 
An appropriate example of the compound obtained by the 
above-mentioned screening method is 

1,2, 5-oxadiazolo [ 3 , 4 -a ] 1 , 2 , 5-oxadiazolo [ 3 , 4 -e ] 1 , 2 , 5-oxadiazo 
lo [ 3 , 4 -i ] 1 , 2 , 5-oxadiazolo [3,4 -m] [16] annulene (occasionally 

10 referred to as ^compound 1" hereinafter) described later in an 
example. Forms of administration of this compound can be referred 
to those of the above-mentioned medicine containing a compound 
obtained by a screening method of the present invention. 

The term * therapy" as used herein generally means to obtain 

15 desired pharmacological effects and/ or physiological effects. 
The effects are preventive in terms of completely or partly 
preventing diseases and/or symptoms or they are therapeutic in 
terms of completely or partly curing ill effects caused by diseases 
and/or symptoms . The term * therapy" as used herein includes therapy 

20 of diseases in mammals, particularly humans, and are exemplified 
by the following therapies: 

(a) to prevent the onset of a disease or symptoms in a patient 
who may have a causative factor for the disease or symptoms but 
is not diagnosed to have it; 
25 (b) to inhibit disease symptoms, or to prevent or delay their 
progression ; and 

(c) to alleviate disease symptoms, that is, to regress a disease 
or symptoms or reverse the progression of the symptoms. 

All of the literature for the prior art cited in this 
30 specification are incorporated into the specification by 
reference . 



EXAMPLES 

The present invention is illustrated in detail by the 
35 following examples, which are not intended to limit the scope 
of the invention. 
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Example 1: Preparation of polynucleotide encoding SALPR 

Isolation of a polynucleotide encoding SALPR was carried 
out based on the nucleic acid sequence represented by SEQ ID NO : 
3 as follows. In SEQ ID NO: 3, 1857 base pairs are shown and the 
area encoding SALPR is known to be from position 361 to position 
1770 (1410 base pairs , 470 amino acid residues) (GenBank Accession 
No: NM_016568) . To isolate a gene by the polymerase chain reaction 
(PCR) , PCR primers represented by SEQ ID NO: 5 and SEQ ID NO: 
6 were prepared according to an ordinary method. 

Using a human genomic DNA (Roche Diagnostics) as a template , 
PCR was carried out with a set of PCR primers represented by SEQ 
ID NO: 5 and SEQ ID NO: 6 using the Expand High Fidelity PCR System 
(Roche Diagnostics) for 30 repeating cycles (at 98°C for 1 min, 
at57°Cfor lmin, andat 72°Cfor3min) according to the manufacture' s 
instructions. As a result, an about 1400 base pair DNA fragment 
was obtained. 

This DNA fragment was inserted into pCR2.1 (Invitrogen) 
and the sequence was confirmed by an ABI prism DNA sequencing 
kit (Perkin-Elmer Applied Biosystems) . As a result, the sequence 
of 1410 base pairs , which was inserted into pCR2 . 1-SALPR obtained 
by the set of the primers consisting of SEQ ID NO: 5 and SEQ ID 
NO: 6, had a length the same as that from position 361 to position 
1770 in SEQ ID NO: 3 but it had one mutation in the sequence. 
It is evident that this mutation does not influence the amino 
acid translated from the nucleic acid sequence at this site and 
thus a polynucleotide encoding SALPR could be obtained. 
Example 2: Preparation of retrovirus vector plasmid 

pBabe Puro (Mor gens tern, J. P. and Land, H. Nucleic Acids 
Res. Vol. 18, 3587-3596 (1990) (SEQ ID NO: 7) was cleaved with 
Sail and Clal to remove the SV40 promoter-puro (r) region and was 
the resulting fragment was blunted with a Klenow fragment. Into 
the cleaved point the IRES-hyg(r) region which was excised from 
pIREShyg (Clontech) by cleaving with Nsil and Xbal and blunted 
with T4 polymerase was inserted to obtain pBabeXIH. 

pBabeXIH was cleaved with Sspl and BamHI to remove the 
5' -LTR-packaging signal. Into the cleaved point the 5'LTR-CMV 
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promoter-packaging signal which was excised f rompCLXSN (IMGENEX) 
by cleaving with Sspl and BamHI was inserted to obtain pBabeCLXIH . 
Example 3 Preparation of retrovirus vector plasmid for SALPR gene 
transfer 

5 The retrovirus expression plasmid pBabeCLXIH described in 

Example 2 above was cleaved with a restriction enzyme Hpal. Into 
the cleaved point a polynucleotide encoding SALPR, which was 
excised from pCR2 . 1 -SALPR obtained in Example 1 above by cleaving 
with EcoKV and blunted with T4 polymerase, was inserted to obtain 

10 pBabeCL (SALPR) IH (Fig. 1). 

Example 4 : Preparation of retrovirus vector for SALPR gene transfer 
293-EBNA cells (Invitrogen) (2 x 10 6 ) were cultured in a 
10-cm collagen-coated dish ( IWAKI ) using 10 ml of DMEM (Sigma) 
supplemented with 10% fetal bovine serum (FBS) and 100 units/ml 

15 penicillin and 100 pg/ml streptomycin (PS) (referred to as "EENA 
medium solution" hereinafter) . On the following day, the 
above-mentioned 293-EBNA cells were transfected using a 
lipofection reagent TransIT (Panvera) with 3.3 pig each of pV-gp 
(prepared by cleaving pVPack-GP (Stratagene) with Nsil and Xbal 

20 to remove IRES -hi sD and blunting with T4 polymerase followed by 
selfligation of the resulting fragment) , pVPack -VSV- G 
(Stratagene) , and the retrovirus vector plasmid for SALPR gene 
transfer obtained in Example 3. The EBNA medium solution was 
exchanged 6 to 12 hours later and the incubation was continued 

25 at 37°C. 

The culture solution was recovered 2 days after transf ection 
and centrifuged at 1,200 x g for 10 minutes. The resulting 
supernatant was filtered with a 0.45 nm filter (Millipore) to 
obtain an unconcentrated retrovirus vector fraction and further 

30 concentration of the viral vector was carried out as follows. 

50 Ultra-Clear Tubes (Beckman) for ultracentrifugationwere 
sterilized with 70% ethanol and rinsed with distilled water, into 
which about 35 ml of the unconcentrated virus vector fraction 
was poured. The tubes were placed in an SW28 ultracentrifuge rotor 

35 (Beckman) and centrifuged at 19,500 rpm for 100 minutes using 
an XL-90 ultracentrifuge (Beckman) . After centrifugation, the 
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resulting supernatant was discarded and the tubes were kept in 
ice. One hour later, about 100 |il of a concentrated virus vector 
solution, i.e. , the culture solution remaining on the tube wall, 
was obtained 

Example 5: Construction of SE302 cell for transferring reporter 
genes containing a cyclic AMP responsive element 
(1) Construction of reporter DNA containing a cyclic AMP responsive 
element 

A unit which involves in cAMP responsive transcription was 
constructed referring to a published paper (Durocher et al . Anal 
Biochem 2000 , 284(2), 316-26) as follows. 

In order to construct a unit containing a cAMP responsive 
element (CRE) , oligo DNAs represented by SEQ ID NO: 8 and SEQ 
ID NO: 9 for CREx2hb and oligo DNAs represented by SEQ ID NO: 
10 and SEQ ID NO: 11 for CREx2bp were constructed according to 
an ordinary method. 

The oligo DNAs of individual combinations were heat treated 
at 95°C, after which the temperature was gradually lowered to room 
temperature to form double-stranded DNAs (CREx2hb and CREx2bp) . 
CREx2hbwas digested with Hindi 1 1 andBamHI andCREx2bp was digested 
with BamHI and PstI , and at the same time, pBluescriptIISK(+) 

(Stratagene) was digested with Hindlll and PstI. The digested 
DNAs were subjected to electrophoresis to purify DNAs having 
restriction enzyme cleavage sites on both ends, after which these 

3 DNAs (CREx2hb, CREx2bp, and pBluescriptIISK(+) ) were 

simultaneously ligated and the resulting plasmid sequences were 

analyzed to construct CRE4/pBluescriptIISK. 

Next, in order to obtain DNA containing a VIP (vasoactive 

intestinal peptide) promoter, PCR primers represented by SEQ ID 

NO: 12 and SEQ ID NO: 13 were constructed according to an ordinary 

method. 

Using a human genomic DNA (Roche Diagnostics) as a template , 
PCR was carried out with a set of PCR primers represented by SEQ 
ID NO: 12 and SEQ ID NO : 13 using recombinant Taqpolymerase (Takara) 
for 35 repeating cycles (at 94°C for 30 sec, at 55°C for 30 sec, 
and at 72°C for 1 min) to obtain a 264 base pair DNA fragment (SEQ 



74 



ID NO: 14) . This 264 base pair DNA was digested with PstI and 
inserted into the PstI site of CRE4/pBluescriptIISK(+) and the 
sequence of the resulting plasmid was confirmed to construct 
CRE4VIP/pBluescriptIISK(+) (Fig. 2A) . 

CRE4VIP/pBluescriptIISK(+) thus obtained was digested with 
Hindi 1 1 and Smal , after which the resulting CRE4VTP promoter 
fragment was blunted. 

An IRES-hygro(r) region was removed from the 
above-mentioned viral expression vector plasmid pBabeCLXIH to 
construct pBabeCLX (Fig. 2B) . A sequence containing CRE and a 
VIP promoter and a reporter gene , i.e., placenta -derived alkaline 
phosphatase (PLAP) gene (Goto et al., Molecular Pharmacology, 
49, 860-873, 1996) were introduced into a retrovirus vector plasmid 
for foreign promoter transfer, which was obtained by removing 
the Nhel-Narl region in endogenous retrovirus enhancer activity 
(LTR) from pBabeCLX, to obtain pBabeCLcre4vPdNN (Fig. 2C) . 
(2) Establishment of SE302 cells for transferring reporter genes 
containing cyclic AMP responsive element 

A retrovirus vector was prepared according to the method 
described in Example 4 using a retrovirus vector plasmid 
pBabeCLcre4vPdNN in which the PLAP reporter gene is induced by 
a cyclic AMP responsive element. The retrovirus vector thus 
prepared was introduced into HEK293 cells and the resulting cells 
were cloned by the limiting dilution method. A cloned cell 
exhibiting best reactivity in PLAP induction (hereinafter called 
"SE302 cell") was used in the following experiments. 
Example 6: Preparation of SALPR expressing cell by retrovirus 
vector for SALPR gene transfer 

SALPR gene transfer into a cell by the retrovirus vector 
prepared in Example 4 above was carried out as follows. 

SE302 cells (3 X 10 3 ) constructed in Example 5 above were 
cultured in a 96-well plate (Asahi Techno Glass) using 100 ^il 
of DMEM (Sigma) supplemented with 10% fetal bovine serum (FBS) 
and PS (hereinafter called "medium solution") . On the following 
day, the retrovirus vector prepared in Example 4 was appropriately 
diluted and a 100-jil portion of the dilution and polybrene (also 
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called as hexadintethrine bromide, Sigma) prepared in the medium 
solution (at a final concentration of 8 |xg/ml) were added to the 
SE302 cells . On the following day, the medium solution was replaced 
by 200 |il of medium solution supplemented with 500 jig/ml hygromycin 
(Invitrogen) and then incubation was continued. The SE302 cells 
for SALPR gene transfer grown under these conditions (hereinafter 
called "SALPR-SE302 cells") were appropriately subcultured for 
experimental use. 

Example 7: Suppression by relaxin-3 of transcription activity 
increased by addi tion of forskolin in SALPR-SE302 cells 

SALPR-SE302 cells constructed in Example 6 above were 
suspended in a medium for measuring transcription activity (DMEM 
supplemented with 10% FBS (inactivated at 65°C for 30 minutes) ) 
and then seeded in a 96-well plate (Beckton Dickinson) at 1 x 
10 4 cells/well. On the following day, relaxin-3 (Phoenix 
Pharmaceuticals) or insulin (Invitrogen) diluted with an assay 
medium (DMEM supplemented with 0.1% bovine serum albumin) in 
specified concentrations was added, after which forskolin 
(Calbiochem) was added to make a final concentration of 1 nmol/L. 
After 1 day incubation, 15 ^il each of the cell supernatant was 
recovered and then transferred to a 96-well plate for 
chemiluminescencemeasurement (SumitomoBakelite) , 60 |il of buffer 
solution for assay (280 mmol/L Na 2 C0 3 -NaHC0 3 , 8 mmol/L MgS0 4 , pH 
10) and 70 |il of Lumiphos530 (Lumigen) were added and the reaction 
was carried out at room temperature for 1 hour, after which 
chemiluminescence for each well was measured by a fusion plate 
reader (Perkin Elmer) to assess the transcription activity. The 
activity in the cell supernatant added with each test sample was 
represented as a percent by setting the transcription activity 
in the cell supernatant with forskolin added at 1 |jmol/L to be 
100% and the activity in the supernatant without the addition 
of forskolin to be 0% (Fig. 3) . 

The result showed that relaxin-3 suppressed via SALPR 
activation the increase in transcription activity by forskolin. 
Since this increase in transcription activity was not affected 
by a related peptide, i.e., insulin, the reaction was revealed 



to be relaxin-3 specific. Namely, it was shown that compounds 
or substances which affect the activation of SALPR by relaxin-3 
can be distinguished by using this experimental system. 
Example 8 Screening for relaxin-3 antagonistic substance using 
SALFR-SE302 cells 

Using the experimental system shown in Example 7 , screening 
for a compound which antagonizes the activity of relaxin-3 was 
carried out to find a compound having the antagonistic activity. 

SALPR-SE302 cells were suspended in a medium for measuring 
transcription activity (DMEM-F12 supplemented with 10% FBS 
(inactivated at 65°C for 30 minutes) ) and then seeded in a 384 -well 
plate (Greiner) at 5000 cells/well. On the following day, a test 
compound 

(1,2, 5-oxadiazolo [ 3 , 4 -a] 1 , 2 , 5-oxadiazolo [ 3 , 4 -e] 1 , 2 , 5-oxadiaz 
olo[3,4-i]l,2,5-oxadiazolo[3,4-m] [16]annulene (compoundl) ) was 
dissolved in a forskolin (Fermentek) solution and the resulting 
solution was added to the cell supernatant (the final 
concentrations: 3 |jmol/L forskolin, 20 |ig/ml test compound, 0.5% 
DMSO (dimethyl sulfoxide)) . Then, relaxin-3 (Peptide Institute, 
Inc. ) diluted in an assay medium (DMEM-F12 supplemented with 0 . 1% 
bovine serum albumin) was added at a final concentration of 3 
nmol/L. After 1 day incubation, 5 |j.l each of the cell supernatant 
was recovered and then transferred to a 384 -well plate for 
chemiluminescence measurement (Corning) , 20 p.1 of buffer solution 
for assay and 25 |il of Lumiphos530 were added, and the reaction 
was carried out at room temperature for 2 hours, after which 
chemiluminescence for each well was measured by an AKVOsx3 plate 
reader (Perkin Elmer) to assess the transcription activity. SE302 
cells without SALPR expression were treated in the same manner 
to confirm the specificity of the test substance. 

The result showed that relaxin-3 suppressed the increase 
in transcription activity by forskolin in SALPR- SE302 cells and 
the test substance compound 1 antagonized suppression of 
transcription activity by relaxin-3 (Fig. 4A) . Further, in SE302 
cells without SALPR expression, the compound 1 did not increase 
the transcription activity (Fig. 4B) .Accordingly, it was confirmed 
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that the test substance was a compound which specifically 
suppressed activation of SALPR by relaxin-3. 

Example 9: Feeding-stimulation by intracerebroventricular 
administration of relaxin-3 
5 (1) Experimental animals and pre treatment for 
intracerebroventricular administration 

Wistar male rats (7 weeks of age; Japan Charles River) were 
fedfeedfor experimental animals (MF; Oriental Yeast) to be adapted . 
The rats (250 to 300 g) received cannulation into the lateral 
10 cerebroventricle under anesthesia. Administration experiments 
were carried out a week or later. 

(2) Preparation of relaxin-3 solution 

Relaxin-3 (60 jig; Phoenix Pharmaceuticals) was dissolved 
in DMSO and added with an artificial cerebrospinal fluid to make 

15 a final concentration of 200 |jmol/L. The deposited precipitate 
was removed by centrifugation and the resulting supernatant was 
used as a relaxin-3 administration solution. The amount of 
administration (relaxin-3 concentration in the administration 
solution) was about 50 pmol/rat when calculated using the standard 

20 curve with relaxin-3 in the experimental system shown in Example 
7. 

(3) Intracerebroventricular administration of relaxin-3 solution 

Rats with guide cannula implantation were divided into 2 
groups (6 animals per group) and administered with the relaxin-3 
25 administration solution or a vehicle solution (a solution having 
the same composition as (2) above without relaxin-3) at a rate 
of 5 |Jl/2 minutes using an infusion pump. 

(4) Measurement of the amount of feeding 

Immediately after the intracerebroventricular 
30 administration of the administration solution, rats were put in 
a cage where pre-weighed feed was placed and fed ad libitum. The 
amount of feeding was calculated by measuring the decrease in 
feed 2 hours later. Fig. 5 shows the amount of average feeding 
and standard deviation for each group. The result showed that 
35 the amount of feeding measured 2 hours after administration was 
significantly increased in the rats which received about 50 pmol 
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of relaxin-3 as compared to that in the rats which received the 
control vehicle solution (t-test, p<0.01) . Accordingly, it was 
revealed that relaxin-3 stimulated feeding behavior. 
Example 10: Increase in blood leptin concentration upon single 
5 intracerebroventricular administration of relaxin-3 
Measurement of blood leptin concentration 

The above-mentioned rats were anesthetized with Nembutal 
after the feeding measurement (about 3 hours after administration) 
and the blood was taken from the abdominal aorta. The blood taken 

10 was centrifuged at 1,750 x g for 15 minutes and the resulting 
supernatant was stored at -80°C. Later, the amount of leptin in 
the supernatant was quantitatively determined by a rat leptin 
quantification ELISA kit (Amersham Bioscience) . 

The result revealed that the blood leptin concentration 

15 was significantly increased in the rats in the single relaxin-3 
administration group as compared to that in the control vehicle 
administration group (t-test, p<0.05; Fig. 6) . 

Example 11 : Stimulation of body weight gain and fattening by chronic 

administration of relaxin-3 
20 (1) Preparation of relaxin-3 solution 

A relaxin-3 solution was prepared by dissolving relaxin-3 

(Peptide Institute, Inc.) in physiological saline at a 

concentration of 100 jjmol/L. A vehicle solution (physiological 

saline) or the relaxin-3 solution was poured into an osmotic pump 
25 (Alzet osmotic pump model 1002 (DURECT) ; delivering 6 [il /day) , 

a tube and a cannula for administration, after which they were 

connected together. 

(2) Experimental animals and treatment for 

intracerebroventricular administration 
30 Wistar male rats (6 weeks of age; Japan Charles River) were 

fed feed for experimental animals (MF; Oriental Yeast) and adapted 
to individual cages for 4 days. Under anesthesia, a guide cannula 
was inserted into the lateral cerebroventricle of these rats 
(250-270 g) and an osmotic pump was implanted under the skin. 
35 (3) Measurements of body weight increase and the amount of feeding 
The rats had free access to feed and their body weight and 
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feeding were measured every morning. Body weight increase from 
the day of operation (day 0) is shown in Fig. 7. Further, the 
decrease in the amount of feed per day is shown as the amount 
of feeding (Fig. 8) . 
5 A significant increase in body weight was confirmed from 

day 1 after operation in the rats in the relaxin-3 administration 
group. Further, a significant increase in the amount of feeding 
was also observed from day 1 in the relaxin-3 administration group 
(t-test; ** p<0.01, *p<0.05). 

10 (4) Measurement of fat weight and quantitative determination of 
blood leptin and blood insulin levels 

After measuring body weight and the amount of feed on the 
last day of the experiment (day 14) , the rats were anesthetized 
with Nembutal , epididymal fat was taken and the total fat weight 

15 was measured (Fig. 9) . Further, the blood was taken from the 
abdominal aorta. The blood was centrifuged at 1,750 x g for 15 
minutes and the resulting supernatant was stored at -80°C. Later, 
the amount of leptin in the supernatant was quantitatively 
determined by a rat leptin measuring kit (L) (IBL) (Figure 10A) . 

20 Further, the amount of insulin in the supernatant was 
quantitatively determined by an ultra sensitive rat insulin 
measuring kit (Morinaga Institute of Biological Science) (Fig. 
10B) . 

The result showed that the amount of epididymal fat was 
25 significantly increased in the rats in the relaxin-3 chronic 
administration group as compared to the rats in the control vehicle 
administration group. Further, it was revealed that the leptin 
and insulin concentrations in blood were also significantly 
increased in the rats in the relaxin-3 chronic administration 
30 group (t-test; **p<0.01, *p<0.05) . Accordingly, it was revealed 
that the relaxin-3 administration stimulated fattening activity 
associated with fat accumulation and at the same time increased 
the insulin level. 

Example 12: Effect of relaxin-3 chronic administration on body 
35 weight gain and locomotor activity 

(1) Preparation of relaxin-3 solution 
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A relaxin-3 solution was prepared by dissolving relaxin-3 
(Peptide Institute, Inc.) in physiological saline at a 
concentration of 100 pmol/L. A vehicle solution (physiological 
saline) or the relaxin-3 solution was poured into an osmotic pump 
5 (Alzet osmotic pump model 1002 (DURECT) , delivering at 6 ^il/day) , 
a tube and a cannula for administration, after which they were 
connected together. 

(2) Experimental animals and treatment for 
intracerebroventricular administration 

10 Wistar male rats (5 weeks of age; Japan Charles River) were 

fed feed for experimental animals (MF; Oriental Yeast) and adapted 
to individual cages for 5 days. Under anesthesia, a guide cannula 
was inserted into the lateral cerebroventricle of these rats 
(170-200 g) and an osmotic pump was implanted under the skin. 

15 The operation date was set to be day 0. The rats had free access 
to feed and water and the body weight was measured every morning, 
except on days for locomotor activity measurement (Fig. 11) . 

A significant increase in body weight was confirmed from 
day 1 after administration in the rats in the relaxin-3 

20 administration group similarly to Example 11 above (t-test; ** 
p<0.01, *p<0.05) . 

(3) Measurement of spontaneous locomotor activity 

Spontaneous locomotor activity was measured using a 
Versamax system (Accuscan) in the light phase and dark phase on 

2 5 days when s i gni f i can t di f f er ence i n body wei gh t i ncr eas i ng ac ti vi ty 
in the rats receiving relaxin-3 administration was recognized. 

Rats in the light phase (on days 2 and 7 after the start 
of administration) and rats in dark phase (on days 3 and 8 after 
the start of administration) were transferred from individual 

30 cage room to a laboratory for adaptation at least 1 hour prior 
to the experiment, after which the rats were introduced into a 
Versamax cage and locomotor activity was recorded starting 
immediately for 90 minutes. The total locomotor activity for 90 
minutes is shown in Fig. 12. 

35 No significant change in locomotor activity was observed 

in rats in any group on any day. Namely, it was revealed that 
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the body weight increasing activity of relaxin-3 was not due to 
the change in spontaneous locomotor activity. 

Industrial Applicability 

According to the present invention, there are provided a 
polypeptide having useful effects in stimulating feeding, 
increasing body weight, and fattening; a therapeutic agent 
containing said polypeptide; a method of screening for a compound, 
a substance , or a salt thereof which activates or suppresses 
a receptor of said polypeptide ; a kit for said screening; and 
an agent which comprises a substance which inhibits expression 
of said polypeptide, such as a feeding-suppressing agent, a 
therapeutic agent for the treatment of obesity, and a therapeutic 
agent for the treatment of diabetes. 



